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OV    LICHtHINC. 

iTm  hwlMgs  and  fmall  thiOtet,  no  titgher  than  the  gnh,  did 
nut  apiicar  to  liave  been  Tinged  at  all.  Thole  in  the  centre, 
for  about  three  jartl*,  leemed  much  Icfs  injured  than  thore 
nearer  the  circuml^erencc  In  two  places  tiie  foil  was  turned 
up.  a  few  feet  in  length  *and  an  inch  or  two  in  depth ;  and 
where  the  ground  ceafed  to  be  broken  up,  one  might  perceive 
that  the  lightning  had  glancedi  with  feveral  ramili[ralion<, 
alon^  the  furrace,  but  under  the  long  grals,  leaving  a  track, 
fuch  ai  moles  and  mice  Ibtnetimea  make.  In  one  pkce,  where 
tlie  impreflion  made  upon  the  foil  was  deepeH,  and  fomewhat 
refembled  ihe  letter  V,  a  Uratght  round  hole  appeared  at  the 
angle,  which  was  about  two  feet  deep,  and  about  three  inchea 
in  diameter. 

Prabtbitity  oft       After  1  had  left  the  place,  it  occurred  to  me  that  (his  hole 

ftlkl^m"1h.    ""'fi*"  ''^*'^  '"=''"  P'oduccd  bj'  a  flone  falling  itom  the  clouds, 

uiDorpbcn.        B   phenomenon   which  hai  lately  caufed  much  fpeculalion. 

The  more  I  thought  of  this,  the  more  probable  it  feemed. 

The  hole  wa!  round  and  perpendicular,  at  no  gi<r»(  diHance 

I  from  the  end  of  the  barn,  and   a  tall   tree  was  alio  near  the 

place;  either  of  wliieh  was  more  likely  to  altmd  the  light* 
ning  than  the  plain  (ield,  A  very  lofty  lower,  which  wai 
flruck  a  few  years  ago,  was  about  tiiree  limes  the  diOance  of 
the  tree.  The  thunder  was  not  fo  loud  as  when  the  lower  was 
ftruck,  hul  the  fmell  of  fulphur  was  much  ftronger,  Thefe 
Gonfideraiions  determined  me  to  reluin  the  liill  opportunity 
and  examine  ihe  place  more  thoroughly. 
On  MiTninttiiin  From  one  caufe  or  other  I  could  not  do  this  convenienlly 
I'M  wufounii' before  jefterday  evening,  when  ihe  farmer  and  his  fon  verjr 
obligingly  went  with  me,  and  dug  a  circular  pit  about  four 
feel  in  diameter,  having  the  hole  in  its  centre.  At  Ihe  deptli 
of  two  feet  they  came  al  a  fliivery  rock  of  grit,  in  which  I 
hoped  lo  5nd  ilic  exjieficd  Ao^e  imbedded  ;  but  when  tne  foil 
ks  cleared  away  level  with  the  bollora  of  the  hole,  (here  wa» 
no  fuch  thing;  nothing  appeared  but  fmall,  oblong,  fjat pieces 
of  gritftone,  iljrough  ihe  moift  crevices  of  which  ibe  deflrip 
Huid  probably  efcapcd.  Though  difappointed  in  the  principal 
part  that  I  hoped  tp  communicate,  I  refolved  to  fend  you  liie 
above,  as  [  think  the  lightning  very  feldom  defcendi  fu  far  into 
fulid  ground,  unlefs  when  guided  by  fome  particulur  condtic- 
lor.  If  the  account  alTord  you  any  iafiirmatjon  or  anulement, 
llball 


I  ftaO  bt  gU(  tadflioold  the  fobjed  ni«ril  aof  ^  J9W^ 
qtritiy  they  will  be  r^ceiveU  wlUi  l^leaiare  hf 

Your  huroUe  lervaet,- 

jaNATHAH  woson: 

Remarks  cm  the  abaoe^ 

THE  6rft  part  of  Mr.  Wilfon's  letter  countenances  Dr.  Whether  htf* 
Dirirtn's  ^planation  of  fiiirj-rings;  for  of  all  the  thifilet  in-  ^L^f  *** 
doded  in  Ibe  eledrified  circle,  thofe  in  the  centre  received 
the  leaft  injwry^  The  hypothefit  of  Dr.  Damria  hat  abrh/a 
twed  tome  to  labour  under  onfonMoimtabie  dtfficuittei ;  and 
thb  is  the  reafim  why  I  point  oat  a  fad  which  efiabliflies  am 
mLMA  agreeiBcnrof  the  explaaation,  and  nalnral  appearaooet^ 
ifl  one  inianoe. ' 

PairyHrii^  are  pennanent  olijeAs,  the  aatnie  of  which  is 
bol  imperiedly  onderftood ;  and  it  is  to  be  wHhed  thai  Miu 
Wilibo  would  find  leifure  to  obferve  and  defcribe  the  fiiture 
oonfeqoences  of  the  eledric  difcharge  at  Biddulph  Hall.  The 
herbage  of  the  ramified  figore  mentioned  in  the  letter/ wltTiii 
all  likelihood  die  in  the  cimrfe  of  a  few  weeks ;  becanfe  plants 
that  have  foftained  firong  eledrical  fliockt,  feldom  furvive  the 
operation  more  than  a  month  or  two.  Should  tbircbaBgotaU 
place  in  the  circlci  it  will  give  a  new  appearance  to  the  furfiice 
of  the  gronnd,  by  expofing  to  view  the  branched  path  of  the 
lightning ;  nor  is  it  improbable  but  that  this  alteration  will  be 
fucceeded  by  another  of  a  more  fingular  kind.  There  is  rea- 
loQ  to  fafped,  that  each  ramification  of  the  tTack  will  be  again 
covered  with  a  lively  verdure  the  next  fpring,  being  accom« 
panied  at  the  (kroe  time  by  a  contiguous  patcl^.of  bladed 
herbage  refembling  its  own  figure.  This  fufpicion  is  counte.  CoofMrifoii  uri^ 
nanced  by  certain  obfervations  of  Dr.  Hutton  of  Edinburgh,  SrfbSltSS  rf 
who  remarked,  tliat  the  fiiiry-rings  upon  Arthur's  Seat  annu*  the  fmnnm^ 
ally  increafe  in  diameter;  t.  e.  the  withered  circumference  of ^■^••■•'^ 
each  circle  becomes  green  in  fpnng,  ax^d  is  furrounded  in  a 
ihort  time  by  a  frelh  ring  of  a  rufl'tit  colour.  We  have  no 
right  to  difpute  the  juilice  of  Dr.  HuUon's  obfervations,  but 
the  qaeflioo  is  undetermined,  whedier  the  appearance  is  con* 
llant,  or  reftilts  from  the  nature  oi  the  foil.  The  perulkl  of 
the  foregoing  remarks  will  perhaps  admonifli  my  iriend  Mr« 
Wilfon,  that  Fortune  has  iurnilhed  him  with  an  opportunity 

B  2  oC 


■  OWPUTATION*  or    SQlTAIltS    AND    CKtti, 

of  proreculing  Ihe  inquiry,  fuch  as  (he  rarely  sAurds  lo  perfons 
of  correfl  cbftrvalion.  1  will  not  irefpaf?  upon  your  poge» 
by  a  comment  on  the  remaining  fafis  of  ray  friend's  Idler; 
le^  ft]etn  fpeak  Ibr  themfetves ;  in  particular,  Ihe  preference 
of  a  thunder  cloud  lo  low  ground,  in  ihe  prcfence  of  lofty 
objefis,  including  a  tall  tree. 

JOHN  GOUGH. 


ANNOTATION. 
I  BiLiiVE  the  opinion  ihat  fairy-tings  are  caiifcd  by  light- 
ning.  ii  of  conliderafale  antiquity.  Dr.  Frieltley  gave  fupport 
to  this  conclufion  by  his  experiment  of  the  concentric  lings 
formed  on  a  poliflied  metallic  furfacc  by  Ihe  explolion  of  » 
batlery.  An  effeft  of  this  kind  produced  In  Kenfington  Gar- 
den], ii  dtfi'ribed,  with  an  engraving,  in  our  Quarto  Serici, 
Vol.  I.  p.  5W. 

W.  N. 


On  ttit  Computation"/  TabUi  of  Square)  aad  Cubes,     [n  a  Letter. 
/™m  E.  O. 


To  Mr.  NICHOLSON. 


SIR, 


Computiian  of  X  SHOULD  not  have  troubled  you  with  any  remarks  on  (he 
/uto"  "^  mslho'l  «f  computing  fquarej  and  cubes,  if  I  had  not  feen  the 
paper  which  was  printed  on  Ihal  fubjedl  in  your  Journal  for 
M  July.  But  as  ii  appear:<,  from  ihat  leiier,  that  there  may 
be  perfons  who  wouM  like  lo  employ  themfelvcs  on  ihefe  ral- 
colalions,  it  is  defirnble  ihal  Ihe  plaincft  and  eaficll  method* 
flinuld  be  pointed  out  lo  them. 

Every  one  ivlio  \i  accuOomed  lo  calculation,  is  acquainted 
with  Ihe  advanlage  of  conftanlly  repeating  the  fame  opera- 
Iron'.  When  the  refull  of  any  calculation  is  to  he  made  out, 
in  fome  parts  by  muiliplicalion  and  in  others  by  dtvlfion,  fub- 
traflion,  or  addition,  it  is  inipoflible  for  the  moft  unvrcaried 
diligence  to  avoid  occafional  niiAakes.  Ii  ii  right,  therefore, 
to  Gmplify  as  much  at  poffible  in  Ihis  refpefi ;  and  if  the  calcu^ 
latioa 


hlioQ  cannot  be  eflTeded  by  n  fingle  optr^Uohr  I  belgMrt  I^Mtll  Cdiap^ofUm^* 

be  joined  by  aJI  perfoQS  aCCuflompd  to  .^rithmetiaJ  eomfHit^^JJJJ^  *** 

tioK,  in  recommending  the  ufe  of  additKMi.^  in  preference  to 

fubiraftion,  and  of  nioltiplication  in  preference  to  divifion* 

Toor  correfpondent  H.  G.  does  not  feem  to  have  paid  fuffi- 

cient  attention  to  tbefe  conftdcrations ;  and  I  fear  that  he  not 

only  would  be  (bon  wearied^  if  he'  were  to  work  by  the  me* 

thod  which  he  recoromendfl^  bat  (what  it  of  ftill  more  confe* 

qoeoce)  he  coold  not  depend  for  any  oontiniianoe  upon  the 

aocoracy  of  bis  computations.    . 

The  only  method  by  which  an  extenfive  table  like  Afr. 
Coancer's  could  have  been  cattrulated,  muft  have  been  by  the- 
oonftant  addition  of  differences ;  and  the  rules  for  this  method 
may  be  eafily  deduced  from  the  following  cbndderationt :  Let 
x-|-3a«  X'\'2a,  X'\-af  &c.  be  any  numbers  in  arithmetical  pR>- 
grelDon.     Then  by  the  binomial  theorem. 


x+3I^  *  =  jf  •  +  6flx  +  da* 


x+2«| '  =  x*+  -kix  +  4«* 


T+li\*=x*+2ax+    fl* 


x»      r=x' 


\fi  Difirenca, 
2ax  4"  5a* 

2ax  +  Sn* 

2«x  +    fl* 


2dDl 


2a* 
2a* 


It  will  be  foreign  from  my  prefent  pnrpofe  to  enter  into  a 
particular  confideration  of  the  manner  in  which  tbefe  di&r« 
ences  an'fe.  It'  will  be  fufficient  to  remark,  that  the  feooad 
difierence  is  condant^  and  that  its  value  will  be  always  2* 
when  we  confider  a  as  IT  1 »  or  the  progrelBon  x  -f*  ^a,  x  -4-^» 
&c.  as  a  feries  of  common  numbers  differing  from  one  an« 
pther  by  unity.  Hence  the  firft  differences  of  the  fquares  of 
fnch  numbers  become  themfelves  an  arithmetical  progrcffion» 
of  which  the  common  difference  is  2 ;  and  confequently,  if 
we  know  the  firff  difference  between  the  fquares  of  any  twp 
fach  numbers,  we  can  find  the  difference  between  the  fquares 
ol  the  two  next. 


f  If  this  opinion  wanted  any  argument  in  its  favour,  I  might 
fupport  it  ^by  the  authority  of  chat  able  mathematician  Captain 
Mendoza,  who  has  calculated  his  new  tablet  in  fuch  a  manner  at  tq 

make  ail  the  equations  additional. 

■■•-'•-.•• 

What 


^  eoMfftAl^ro^r  er  V4vAftits  mv^  e^ii't. 


Whit  Imu  boen  find  mtj  be  exemplified  by  tppljing  it  fe 
^S^^  „    tfit  eeotimielfon  of  Mr.  Coancer't  Tqaares.    For 

;  ^9S68412l  it  the  fquare  of  28261, 

199677600  is  the  fqoare  of  28260, 

56521  is  tbeir  diliereoce,  therefore  56523  is 
die  difiereace  between  the  fqeare  of  28261  and  the  fqoare  of 
^262.  By  the  addition  in  every  infiance  of  Q,  we  may  find 
the  feries  of  difiisreocet ;  and  by  the  confiant  addition  of  them, 
9ve  inay  eafil^  fipd  the  Cquares,    Thus 

7^8684121  =1  28261]  > 
56523 


^98740644  ZZ  28262\> 
'  S6525 

798797169  n  28263V 


56527 


798853696  =  28264\' 
5^529 


798910i25  ZZ  28265^* 

By  a  fimilar  method  the  table  of  cubes  might  be  continued 
by  the  addition  of  differences ;  but,  in  this  cafe,  the  calcula* 
tion  will  be  a  little  more  complicated :  fiecaufe,  if  the  terms 
of  any  arithmetical  progreffion  be  raifod  to  the  sth  power, 
there  will  Jbe  n  orders  of  difierences,  and  the  lad  will  be  the 
only  one  of  them  which  will  be  conftant.  For  the  cube, 
therefore,  where  f»^3,  we  (hall  hate  one  order  of  differences 
more  than  for  the  iquare. 

As  before,  let  the  pra^^reffion  be  r  -f*  ^a>  '  +  2a,  x  +  a,  x. 


a:  -f* 


COfftVtATlOV  OF   SaVAKtJ    AVD    CVIKS. 
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Qompntitioiiat 
f^uara  and 
cubei* 


If  therefore  we  make  azzl,  the  third  difference  will  be 
conflantly  6,  and  the  fecond  difference  will  become  6x-|-  18« 
6x  4-  12j  6x-\'6;  fo  that  if  any  three  numbers  be  taken  in 
an  arithmetical  feries  (in  which  azzl),  the  fecond  difference 
of  their  cubes  will  be  conflantly  fix  times  the  middle  number. 

For  the  fake  of  example,  we  may  apply  thefe  obfervations 
to  the  continuation  of  Mr.  Conncer's  cubes.  We  may  con6der 
26539,  26560,  26561 »  as  part  of  an  arithmetical  feries:  by 
the  (able  we  coaU  find  the  diffeiesce  of  the  cubes  of  26559 

and 


9  CPICPUTATIOK   OF.  S^OAESS    AVD   CVMt* 

CompQtatioopf  and  26560,  and«  by  what  has  been  obfervcd  above,  the  Tecond 
fqum and  riiflference  of  the  three  cubes  will  be*  6. 26560 zz  159360  ; 
'  which,  added  to  (he  difference  between  the  cabes  of  26559 
and  26560|  will  give  the  difference  between  the  cubes  of 
26560  and  2656]*  So  far  we  (hoold  proceed  exadtly  in  the 
Aeps  which  are  traced  out  by  your  correfpondent  H,  G. ;  but 
I  differ  from  him  in  this  refpef!,  that  I  ihould  by  no  means  re- 
commend this  method  for  the  folitary  calculation  of  any  parti- 
cular cube :  it  is  only  mentioned  here  for  the  fake  of  (hewing 
how  to  afcertain  the  numbers  by  which  we  mud  commence  the 
feries  of  differences,  when  we  want  to  continue  ft  table  which 
has  already  been  calculated  to  a  certain  extent.  For  the  third 
difference  is  conflantly  6 ;  therefore  if  we  take  an  arithmetical 
progrellion,  of  which  the  terms  difier  from  one  another  by  that 
number,  and  which  begins  with  159360  (fuch  as  159360, 
159366,  159372|  ifC,  Sfc),  we  (hall  afcertain  the  fecond  dif- 
ferences of  the  cubes  which  we  want  to  find.  Thefe  fecond 
differences  muft  be  added  to  the  refpedive  firfl  differences, 
and,  by  that  means,  we  (hall  find  a  feries  of  numbers,  which* 
added  to  each  particular  cube,  will  give  us  the  cubes  of  the 
numbers  next  above  it.    Thus 

26560 V  =  18736316416000 
26559]  *  =  18734.200194879 

211622J121   IZ  26560) »    -   26559^ 


159360  2d  Difference. 


2116380481   ZZ  2656 1]'   -   26560] » 
159366  2d  Difference. 


2116539847  ZZ  265621'    -   2656?]^ 
159372  2d  D. 

2116699219  n  26563]^   -   26562) > 
159378  2d  D. 


2116858597  ZZ  265641 »    -   26563|» 
159384  2d  D. 


21I701798I  ZZ  265651 5    -   26564] J 

Having  thus  afcertained  the  firfl  differences,  we  may  p|o- 
ceed  to  add  them  fo  the  cubes : 

*  The  dot  (.)  between  die  figarei  is  here  uicd  as  the  fign  of 
anultiplication.  K. 
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1873631641^000  =  26560^ 

2116380491   1ft  Diff.  ^""^ 

18738432796431  =:  2656 iV 
2116539847   ift  D. 


«* 


18740549336328  ZT  26562^ 
2116699219  ]ft  D. 


18742666035547  ZZ  26^63^ 
2116858597    I ft  D. 


18744782894144  zr  26564}' 
2117017981    1ft  D. 


18746899912125  ZI  26565]^ 

The  methods  here  ftated  are,  probably,  (he  eafteft  which 
can  be  devifed  for  conftrudiog  an  extenfive  table :  but  it  muft 
frequently  happen,  that  the  calculator  will  want  the  fquare  or 
cvbe  of  fome  number  which  is  greater  than  any  which  it  coo- 
tained  in  the  table.  It  may  be  ofeful,  therefore,  to  confider 
the  affiftance  which  the  table  may  afford  him  in  &cilitating  the 
computation. 

It  is  well  known,  that  a*  x  y*  ZZ^iiy)"*.  *  Therefore,  if  we 
want  to  find  the  fquare  of  a  number  which  is  e  double  of  any 
contained  in  the  table,  we  have  only  to  multiply  the  giveo 
fquare  by  4.  In  the  fame  manner,  if  we  want  to  find  the 
fquare  of  a  number  which  is  exa6lly  three  or  four  times  as  great 
as  any  contained  in  the  table,  we  may  find  it  by  multiplying 
the  given  fquare  by  9  or  16.     Thus,  for  example, 

16522531600  =:  the  fquare  of  128540; 
4 


66090126400  =1  the  fquare  of  257080; 

16522274521  =:  the  fquare  of  128539  ; 
9 


148700470689  rz  the  fquare  of  385617. 

*  I  do  sot  know  whether  it  is  worth  while  to  mention  the  cic- 
cumftaoce,  but  your  correfposdent  H.  G.  has  made  a  miftake  in 
the  application  of  this  rule.  For  he  fays  that,  if  we  **  multiply 
the  cube  of  any  given  root  by  8,  the  produft  will  be  the  cube  of 
twice  the  next  root  s**  whereat  the  produA  will,  bt  the  cube  of  twice 
^  given  root. 

In 


TO 
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In  thia  manner  we  may  find  Ihc  fquares  of  all  even  numbera 
which  do  nolcxceiid  ihe  double  of  the  (able:  we  mayalfo  find 
the  fqitare^  or  numbers,  to  a  greater  c.\tenl,  which  are  mul- 
tiples of  3  :  (he  mitllipies  of  4  and  5  may  be  Tquared  likewile, 
if  we  ruullipiv  by  !(>  and  -i3  i  but  fquare  nuatbers  iiicrcaTe 
very  rapidly,  and  confequenily  (his  method  can  be  only  ufed 
(with  advanlage)  for  the  fniall  muUipleii  of  liie  labular  num- 
bers. We  murt>  therefore,  conliJerfome  other  me  I  hod  which 
may  be  applicable  to  prime  number*  and  multiples  of  IqfgC 

Thefquareof2i  +  l  =  ir*  +  4*  +  1  —  2j*  + +i +  2  4- 
2r*  -  l=r2.x+  ll>  -\-2x*  -  1.  or  2.1+  iV  +i»  -  I. 
If,  therefore,  wi;  want  to  End  ihe  fquarc  of  an  odd  number 
which  does  not  sKceeil  (he  double  of  thofe  which  are  fquared 
in  the  (able,  we  muR  divide  ihe  neitl  ei-en  number  below  it 
by  2,  and  (his  half  will  be  equivalent  to  x  in  the  above  equa- 
tion ;  the  nex(  number  above  Ihii  half  will  give  us  jt  +  I. 
Having  Ihefo  two  fnialler  number*,  we  may  find  their  fquurea 
by  (he  table;  and  tlie  fum  of  their  fquaret  multiplied  by  '2, 
will  exceed  the  fquare  required  by  1.  Thus,  if  it  were  re- 
quired to  find  Ihe  fquare  of  C5707y  =  2.  I2S539  +  I  :  Here 
r=  1'29.?3?,  and  r+  I  =  128510;  therefore,  by  Mr.  Coun- 
cei'i  table,  thefquare  of  I29JW  would  be  16J22531600 
the  fquare  of  I28J33  would  be  16522274521 

33014S 06121 


aS0S96 122-12 
Therefore  the  fquare  of  25T0T9  is  96039612241. 

InAead  of  examining  each  particular  cafe,  when  the  number 
to  be  fquared  is  more  than  the  double  of  thofe  in  ihe  table,  it 
will  be  bell  to  confider  ihe  theorem,  from  which  a  general  rule 
may  be  deduced,  ui  +  u") '  ZT  n'x*  +  2imx  +  a'  ZT  nx*  + 
2anr  +  na'  +  n*-i..i'  +  l-".a*^B,T+^'-|-a,M— i.ri 
+  T^.«»=:n.7+^'+7^.j»+Trj.rt'.  Henccwe 
roufl  multiply  i'  by  /i-i,  lo  die  produQ  add  x  +ul»,  multi- 
ply llic  fura  of  ihefe  two  quantities  by  «,  and  tliii  lafl  produft 
will  exceed  the  fquare  required  by  •i'~\.a'.  The  only  cau- 
lion  necciTary,  is  in  dividing  the  given  number  by  r;  fur  as 


we  fbppofe  it  eqod  to  fir +a,  we  flioald  mtke  x  as  great  a«  it  O^^rtrtaati 

poffMjr  cat!  be»  wHlioat  being  fo  large,  that  when  i^lded^JI^ 

to  the  femainder  a  (as  «+a),  it  ihoiild  eiroeed  the  nDtnberi 

of  which  the  fqnares  are  giten  in  the  table.    Becaofe  a  and  d 

ire  the  only  numbers  l>y  which  we  have  to  muhiply,  and  as 

a  Bnft  be  lefs  than  a«  we  fliall  always  have  them  as  fmall  as 

pottle,  if  we  take  x  according  to  the  directions  here  given.' 

If,  ^  example,  it  be  required  to  find  the  fq^fe  of  38561$, 

which  is  greater  than  twice,  and  lefs  than  three  times  126540 

(Ibe  greateft  nomber  which   is  fquared  by  Mr.  Cotinoer's 

table) ;  here  385618  rr  3.1285S9  +  1 ;  therefore  if  a  ^3, 

xr=  128539,  and  a:r  l.i  +  a  will  be  rr  128540,  and  will  be 

within  the  extent  of  the  table :  Hence 

^,or  the  fqaare  of  1285S9,  would  be  by  the  table  1 65222^  4521 

«— 1,  or  3^1    -    -  '2 

I    '     I      1 

^  33044549042 

Jf+A**  or  the  fqaare  of  128540,  would  be       165225S1M0 


49567080642 
nor3    ^    •  3 


148701241926 

and  as  a- 1 .  o*  =  2,  the  fqaare  of  38561 8  will  be  148)01241 924 

If  the  fqoare  required  were  that  of  385619,  in  this  cafe  a=s2, 
aodconfequently,  if  xzi  128539,  x-f-a,  or  12S541,  would  ex- 
ceed the  extent  of  the  table :  therefore  n  muft,  in  this  cafa, 
be  equal  to  4,  xz:9  6404,  and  a  =  3,  and 

the  fquare  of  96404  =    9293731216 

3 


27881193648 
the  fquare  of  96407  =  9294309649 

37175503297 
4 


148702013188;  bala-l.A^s 

From  this  example  we  fee  the  neceifity  of  being  careful 
that  x-f-^i  tlooi  not  exceed  the  nomben  in  the  tablet  at  the 

iame 


CfiBp«iMi«i#f  ^  ftme  iliac  it  may  be  refnarked»  tba|  this  it  an  extreme  cafe^ 
fubttT  which  can  never,  occur  but  under  particular  circum (lancets 

for  it  only  happens  when  the  number  to  be  fquared  is  led  thaa 
a  multiple  of  the  higheft  number  in  the  table,  and.  greater  than, 
the  (ame  multiple  of  the  number  next  lefs  than  the  highefli 
that  is,  for  a  table  like  Mr:  Councer's,  it  muft  be  lefs  than, 
m.  128540,  and  greater  than  m .  128539  :  un^er  thefe  circum- 
fiancet,  if  a  be  greater  than  1,  the  cafe  will. occur  which  ia 
Ibe  fttbjed  of  the  above  caution. 

It  remains  for  us  to  confider  the  method  of  finding  the  cuboi 
of  numbers  which  exceed  thofe  given  in  the  table. 

Upon  the  principle  to  which  we  referred  before,  that  x^  x 

y"  =1^",  we  may  find  tlte  cube  of  a  number  which  is  a  mul- 
tiple of  any  one  contained  in  the  table,  by  firople  multiplica- 
tion :  for  the  cube  of  any  number  multiplied  by  8,  will  give 
the  cube  of  double  that  number ;  the  cube  multiplied  by  29, 
64,  or  125,  will  give  us  the  cube  of  3,  4,  or  5  times  the 
number:  Thus, 

336892864427 1  =  the  cube  of  1 499 1 

8 


^951429154168  =:  the  cube  of  29982. 

1045678375000  ==  the  cube  of  10150 
27 


7S 1 9748625003 
i'091 3567  50000 


28233316123000  =  the  cube  of  30150, 

But  as  the  cubes  increafe  more  rapidly  even  than  the  fquares, 
it  will  dill  be  more  ncceffary  in  this  cafe  than  in  the  former,  to 
eftablifli  fome  means  of  finding  (he  cubes  of  thofe  high  num- 
bers which  are  either  prime  or  not  exa^ly  a  fmall  multiple  of 
a  number  contained  in  the  table  ;  nnd  by  proceeding  in  a  man- 
ner fimilar  to  that  which  wc  ufed  for  the  fquares,  we  eaflly 
eflablifli  a  general  rule  for  this  purpofts :  For  ,a  -fwy  =  n^J-^ 

j'  +  3a/i*  — 3««.x»+aJ— iia^  =  n.T+aV  +  ''.'»*~l.x'+n. 

I  -».(?'.     Determine,  therefore,  »,  x,  and  a,  in  the  fam^ 

ma^nne^ 
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manner  as  for  (he  fqasre,  and  be  equally  careful  that  i  -{-a  Computavfaxiif 

fqtures  tai 


not  exceed  the  numbers  in  (he  table ;  add  it  -f- 1  •  ''  to  cubes. 
Sox*  ;  multiply  (he  fum  of  thefe  two  quantities  by  n— 1 ;  to 

the  produd  add  or+aV,  and  multiply  this  fum  by  « .-  this  lad 
prodad  will  exceed  the  cube  feqaired  by  a—  1  .a'. 

If,  for  example,  it  be  required  to  find  the  cube  of  531 19» 
€r2.26539  +  l  *  Then  a=s2,a  =  U  xs26539,  andx-f-uss 
26560,  and  the  cube  of  53)19  s2  x 


2656(f]^  +  3 .26559)*  +  3 .  26539V  -  I :  Therefore,  by  Mr. 
Councer^s  table,  the  cube  of  26559  would  be  18734200194879 

The  fquare  of  26559        -  70538048 1' 

—  - 

18734905575360 

3 


The  cube  of  26560 


562047 1 67260S0 
18736316416000 

74941033142080 

2 


149882066284160 
therefore  the  cube  of  531 19  is         -  149882066284159 

La(Uy»  let  it  be  required  to  find  the  cube  of  79601,  or 

3.26533+2:    here  n  ;=  3,   fl  =  2,    x  =  26533,   x  +  azs 

26535 ;  therefore,  by  what  has  been  demonfirated,  7 96*0 j^ 

=  3  X  26535^*  +2  X  4. 26531^ »  +6.205 3?fj)-  2.8. 
56533^*  =704000089  '26533V  =   18679234361437 


2112000267 


37358468722874 
2112000267 

37360580723 J  41 

4 

1 49442322892564 
265 35V  =  18683458680375 


168125781572939 


Therefore  the  cube  of  79601  is 


504377344718817 
504377344718801 
£.  O. 
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Attdiffi^  of  a  Triple  Safphurct  rf  Lead,  AiUimofiy,  and  Copper, 
/ram  CamxvalL    By  Charles  Hatchet,  EJq.  F*  H.  S. 
From  the  PkiLitfopkiccd  TraM/bBiontfar  1304. 

mtorj  of  the     jL  he  fobfiance  wIucH  formi  the  fabjeA  of  thii  paper,  hui 

*^  btfberto  been  regarded  a£  an  ore  of  antimony ;  it  is  extremdjF 

rare,  and  bat  only  been  obtained  from  Huet  Bo;s/in  the  pari(h. 

of  Endellion,  a  mine  whicb«  from  deficiency  of  profit^  has  for 

iome  time  been  abandoned. 

The  fearcity  of  the  ore  has  probably  been  the  caufe  of  its 

being  unknown  to  foreign  mineralogifts ;  indeed  few  even  of 

the  Britiih cabinets poflefs  it;  but  tlie mod  perfed and beautifut 

fpecimens  are  (as  far  as  I  know)  to  be  feen  in  the  fplendid 

coUedioo  of  Philip  Raihieigh,  ECq;  of  Menabitly,  in  Com« 

waU. 
To  Mr,  Raihieigh  we  are  indebted  for  the  firft  defcription 

of  tiiis  ore  * ;  but  no  fubfequent  notice  had  been  taken  of  it, 

until  the  preceding  paper  was  written  by  the  Count  de  Bournon^. 

whofe  eminent  merits^  as  a  mineraloglA  and  crydallographera 

are  well  known  to  this  Society. 

I. 

$p.graTlty.  Tlie  fpecific  gravity  of  this  fubftance  is  5766,  65^  of 

Fahrenheit. 

II. 
Hftt  by  the  If  fuddenly  healed  on  charcoal,  by  the  blowpipe,  it  crackles 

*'**'^*^K*'  *"^  fplilsj  but,  when  gradually  expofed  to  the  fiame,  it 
•od  white  furoeiyKquifies»  and,  upon  cooling,  aflumes  a  dull  metallic  grey 
flid  left  fulphu-   colour. 

IJI^H^  coMcr.  When  the  globule  was  longer  expofed  to  heat,  white  fumes 
(which  at  firil  had  a  fulphureous  odour)  were  evolved,  and 
partly  fettled  on  the  charcoal. 

Ebullition  prevailed  during  the  difcharge  of  thcfe  white 
fumes;  and  the  globule  gradually  fuffered  confidcrable  dimi* 
nution,  remaining  at  length  tranquil,  .and  of  a  very  dark  gray 
colour. 

*  Specimens  of  firitifh  Minerals,  felc£^ed  from  the  Cabinet  of 
Philip  RaOikighi  Efq.  F.  R.  S.  &c.  Part  I.  page  34»  PlaU  XIX. 

Upon 


Upon  esaniiiiaiioD,  tUs  appeared  to  be  prinopallj  Iblpberet 
of  leuij  which,  like  a  cruft^  enveloped  a  miaate  globoie  oC 
metallic  copper,  fo  malleable,  as  to  bear  to  be  flatlened  bjr  a 
raifflincr, 

111. 

Some  of  the  ore,  finely  powdered,  was  put  into  a  matrafv^^^i^^  ^"^ 
aad  nitric  acid  diluted  with  an  equal  poi#on  of  water  Wfs  ^"j^^°yS|^_ 
I    poared  on  it.  Upon  being  digefted  in  a  low  heat,  a'confiderabW  tti  fnipfaur,  kad» 
part,  waft  dtOolved,  with  mueh  effervefcence.    Some  fulpbur,  ^^*  *^.^~ 
wfaicli  floated,  wasfeparated  ;  and  the  dear  liquor,  which  was^  iitde  v^ 
bloiih  greeui  was  decanted  from  the  refidnnm  at  the  bottom  of 
Ibevcffel. 

A  great  part  of  the  excefs  of  acid  being  expelled  from  the 
filiation,  it  was  largely  diluted  with  difUlled  water,  and  fome 
difiblved  muriate  of  foda  was  added ;  but  this  did  not  produce 
any  alteration  in  the  tranfparency  of  the  liquor.  A  folution  of 
fttlphate  of  foda  was  then  poured  in,  and  formed  a  very  copioot 
precipitate  of  fulphate  of  lead. 

When  this  had  been  feparated,  the  liquor  was  faturated  with 
ammonia ;  by  which  it  was  changed  to  a  deep  blue  colour.  A 
few  flocculi  of  iron  were  feparated  ;  and  the  remainder  was 
fiMnd  to  contain  nothing  but  copper. 

The  fulphur  which  had  floated,  was  added  to  the  refidnum 
which  had  fubHdcd  to  the  bottom  of  the  matrafs;  and  the  whole 
Was  digelled  with  muriatic  acid.  This  folution  was  of  a  Araw, 
co!onr;  and,  when  feparated  from  the  fulphur,  and  poured  into 
a  large  quantity  of  water,  afforded  a  plentiful  while  pre- 
cipitate. 

This  precipitate  was  completely  refolved  into  white  fumes, 
by  the  blowpipe;  and  the  muriatic  folution  of  it,  when  added  to 
water  impregnated  with  hydro-fulphuret  of  ammoniai  formed 
the  orange  coloured  precipitate,  commonly  known  by  the  ap- 
pellation of  golden  fulphur  of  antimony. 

IV. 

Muriatic  acid  did  not  immediately  ad  upon  the  pulverized  The  Gme  refuhi 
ore;  but  a  folution  was  fpeedily  effected  by  the  addition  of  a  ^X  ^*^«nt 
few  drop*  of  nitric  acid  :  pure  fulpl;ur  was  feparated  ;  and  the  tcid  and  i  litde 
liquor,  being  decanted  into  water,  yielded  a  copious  precipitate  ^^^^^ 
of  oxide  of  antimony. 

4  The 
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froin  rojrialic  acid  b^  water,  it  to  metallic  atitin<ony  as  130  t« 
|iX>;  therefore,  the  C3  grains  of  llie  oxide  rouD  be  clliniated 
at  iS.W,  graini  o(  ilie  meUl. 

Again,  Tulpliale  of  lead  ii  lo  rnelallic  lead  at  141  lo  100; 
llieretore,  120.20  grains  of  Ihc  fi^rmei  are  ^  8£.2t-  graius  of 
the  latter.  And,  taHly,  black  oxide  ol"  copper  conlttins  20 
jiercent.  of  oxygen;  confequenlly,  32  grains  of  the  black  oxide 
are  =  25.60  grains  of  meialltc  copjicr. 

Tlie  proporlions  tor  200  grains  of  ihe  ore,  v<i!l  therefore  be. 
Sulphur           ,        -        -        .         3+. 
Antimony        -         .         .         .  43.45 

Lead 8.5.2'!. 


Iron 
Copper 

-        - 

25. GO 

Lofi 

4.30 

Or,  per  coil. 

Sulphur 

- 

17. 

Antimony 

- 

21.23 

Lead     -        - 

42.G2 

Iron      - 

- 

1.20 

Copper 

-        - 

12.60 

Lofs         -  2.15 

Tliefc  proportioii.t,  I  have  reafou  to  believe,  are  toleriibly 
exaft;  for  1  did  not  obferve  any  elTential  variation  Jn  il>e  rc'futla 
of  two  other  analyfes,  wbiih  1  made  of  this  fubllancci  with 
every  poUible  piccoulion. 

The  lofi  may  be  principally  afcribed  to  the  oxide  of  anti- 
mony and  fulpbate  of  lead  ;  but  efpecially  to  ihe  former, 
which  lias  a  great  tendency  to  adhere  to  fillers  and  gUfs 
vefTcls. 

In  fome  of  the  preliminary  experiments,  I  obtained  a  fmall 
portion  of  zinc  ;  but,  having  received,  through  the  kindnels  of 
Mr.  R.  Phillips,  ofLombard^flreel,  fome  pare  cryflal^  of  the 
ore,  I  found  that  the  zinc  had  proceeded  from  blende,  which 
s  imperceptibly  mixed  in  (he  fpecimentf  which  !  had  firit 
examined.  ;- 
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IV. 

Dejtripiion  qf  a  compound  EkStrical  Infirumtnt  for  condenjtng 
amd  doubling:  xvUh  Expenments.     By  Mr.  Wilson. 

London,  Auguft  10,  180^. 

To  Mr.  NICHOLSON, 
SIR, 

X  TAKE  the  liberty  of  troubling  you  with  the  following  ac-  Compouad 
coont  and  drawing  of  a  compoand  condenfer  of  elenftricity,  ^^^^  ^^* 
which  I  think  is  an  improvement  on  CavaQo's  maltiplier  of 
eledricity,  defcribed  in  his  Treatife  on  £ledricity  in  the 
third  volome,  of  the  fourth  edition,  and  if  you  think  it  worth 
a  place  in  your  Philofopbical  Journal,  you  will  very  much 
oblige  me  by  inferting  it  therein. 

I  am  your  obedient 

Humble  fervant, 

W.  WILSON. 

The  drawing  is  an  exa6t  reprefebtatton  of  the  infirument^  Deicription  and 
about  half  its  real  fize,  (PtaU  $J  The  plates  A,  B,  C,  D,  ^°«  ®^  ^ 
and  £  are  fupported  by  glafs  liicks,  covered  with  fealing  wax 
at  the  upper  part ;  but  the  plate  F  is  fupported  by  a  wire, 
which  has  a  joint  at  the  bottom,  by  which  it  may  be  brought 
near  the  plate  E,  or  thrown  back  away  from  it.  3  is  a  fcrew, 
which  (lops  againft  the  glafs  fupport  of  £,  and  regulates  the 
difiance  of  the  two  plates  when  one  is  brought  near  the  other. 
The  plates  A,  C  and  £  are  fixed  to  the  bottom  beard,  and  B 
and  D  to  the  levers  L  I,  which  move  round  the  pins  p  p,  and 
and  areconne^led  by  the  rod  R.  It  will  be  feen  by  the  draw- 
ings that  when  the  lever  L  is  moved,  the  plates  B  and  D  are 
moved  in  contrary  directions,  that  is,  they  both  approach  to* 
wards  or  recede  from  the  plate  C  at  the  fame  time,  but  on  op- 
polite  fides.  The  faces  of  the  plates  are  ground  flat,  and  they 
are  fo  adjuHed  that  if  the  fcrews  2  2  did  not  flop  the  levers 
when  they  are  moved,  the  face  of  B  would  (lop  flat  againfl  the 
fiM!e  of  A,  and  fo  would  the  face  of  D  againA  C.  The  fcrews 
2  2  (lop  them  when  at  a  very  fovall  didance,  which  niay  be 
made  more  or  Ms  by  turning  the  fcrews. 

C  2  This 


mnitiplicr 
dagblcrcf 
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ndE  f"'  "^'''^  iiiflrunicnt  ferves  llie  purpofe  of  a  coiidenfer,  a  (ingle 

fingk  ind  Jpulile a'ld  double  mulliplier,  and  a  doobler  of  eli-flricity.     When  il 

»is  ufedasafinglccondeufer,   the  pi  ale  B  is  brougUt  as  near  A  as 

the  fcrew  U  will  peimit,  am!  Ihen  liie  wirea  b  and/  louch  one 

anutlicc  and  uninfulate  B,  whicli  increafei  ilic  capacily  of  A. 

At  (he  tapacily  of  A  h  iiiCTeafed  il  will  receive  a  greater  iharge 

of  eleflricily  from  any  ele^rified  body  brought  into  conlafl 

with  it,     Confequenlljj  when  B  is  removed,  ihe  charge  on  A 

will  be  much  more  inlenfe  ihan  it  would  have  been  if  the  plate 

B   had    not  been  Oppofed  to  it;   but  tins  infenCty  will  not  be 

greater  than  that  of  the  eleflrified  body,  if  iU  furface  ii  not 

•  greater  than  the  furface  of  llie  receiving  plate  A  j  for  a  con- 

denfer  does  nut  increafe  the  quantity  of  eleflricily,  it  an\y  cul- 

I  le£ls  it  into  a  finaller  fpace  than  it  wai  before.     So  that  if  the 

iL  cle^ricily  of  a  very  Imall  body  i.i  required  to  be  afccrtaincd, 

P  (be  fimple  condenfer  will  not  anfwer  the  purpofe.     Some  oilier 

t  neani!  mud  be  ufed  when  this  is  the  cafe,  and  Cavallu's  itiulii- 

fplier  is  the  Icaft  exceptionable  of  the  inHrumenls  ufej  for  this 

purpofe.     The  inflrument  reprefenied  in  the  drawing  forms  a 

multiplier,  either  fingle  or  double,  for  when  B  h  near   A  and 

uninfulaied,  A  will  receive  a  much  greater  charge  that  il  would 

if  B  had  Dot  boen  near.     And  becaiife  Ii  is  uninrulaled,  A  will 

induce  a  contrary  flate  on  B)  and  of  nearly  equal  inlenlily; 

which  llate  is  prclerved:  For  Uieinllant  the  lever  U  moved  to 

carry  B  farther  from  A;  the  conlad  between  the  wires  i  and/ 

is  difconliiiued,  and  B  infulated,  and  as  it  removes  farther 

away  from  A,  the  intctifity  of  lis  chargewill  increafe  the  fame 

as  that  of  A  will,  and  be  ready  U>  part  with  nearly  the  whole 

to  aiiolher  condenfer. 

Now  as  the  plate  B  removes  away  from  A,  the  plate  D  ap- 
proaches C,  and  when  at  a  fmall  diHance  from  it,  the  wires  d 
and  ^  come  into  contaft)  which  operation  uninfulates  D,  and 
therefore  caufes  the  two  plates  C  and  D  to  form  a  condenfer; 
and  at  the  fameindant  that  (J  touches  g,  the  wires  i and  r  touch 
one  another,   fo  that  nearly  the  whole  of  the  charge   of  B  is 
communicated  lo  C,  which  induces  a  contrary  flate  on  D,  as 
'  the  charge  of  A  did  on  B.     D  will  iherefoie  be  in  the  fama 
^  fiale  as  A  is,  which  flate  is  preferved;  for  the  infianttlie  plate 
rjB  removes  away  from  near  C,  the  plate  D  alfu  removes  away 
from  it,  and  the  contact  between  the  wires  liand  g  h  difcon- 
tinued,  and  D  infulated;  and  by  continuing  the  motion  the 

plalo 
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indD 


will  rcraove  away  from  C  '"  u("  «  » 

her,   at  which   inllant  the  gngle  »nd'do 
if  Ihc   plale   E   and   F  arcniulupli«,. 
hird  condenfer,  and  neai)j'  ^a,ic,t., 
omDiunkalcd   Id  £   in  the 
:d  lo  C  ;  al  ihe 


pUte  B  will  come  near  A, 
till  ihe  wires  iand/louch  one  aiu 
wife  d  touches  ihe  wire  e.  Now 
near  one  another,  ihej-  will  form  a 
Uie  whole  of  the  charge  of  U  \s 
htae  manner  liie  charge  of  8  was 

(iR)e  lime  B  recruits  its  charge  by  coming  near  A,  which  will 
be  communicated  lo  C,  which  induces  a  cnnlrary  flaleon  D, 
inJ  which  D  commaoicates  to  E,  and  thii  operation  lire, 
pealed  every  lime  the  lever  is  moved  backwards  and  forwards; 
fo  ihal  Ihe  charge  on  C  i'  increafing  at  every  motion  of  ihe 
lever,  while  ihe  charge  nn  A  remains  the  fante ;  and  when  C 
becomes  To  much  charged  as  not  lo  be  capable  of  receiving 
any  more  from  B  (which  will  be  the  cafe  in  a  cerlain  number 
of  motions)  the  operation  will  Rill  go  on  between  D  and  E, 
the  charge  on  E  increafing  while  the  charge  on  C  remains  tlie 
fame,  fo  that  E  will  acquire  a  charge  as  much  greater  than  C 
a«  the  charge  on  C  is  greater  Ihan  the  charge  on  A,  which  will 
be  maniteflcd  by  removing  the  plate  F  away  from  E,  When 
the  wireu  in  fcrewed  into  the  plate  A,  and  connffled  with  £ 
by  meaiuof  Ihe  wire  4  3;  the  inllrunient  then  poOelTes  all  the 
properties  of  iho  double  of  eteflricily,  fur  then  all  the  charge 
communicated  lo  E  (which  is  of  the  fame  nature  as  that  of  A) 
will  be  communicated  to  A,  which  ivill  continually  inctcafe  ihe 
inlenliiy  of  its  charge,  and  that  will  have  an  increafcd  clFefl 
on  B,  &c.  at  every  motion  of  the  lever.  There  is  no  limits  to 
this  accumuUlion,  but  that  where  the  charge  ix  fo  inlenfe  a«  to 
paf^from  one  plate  to  the  other  in  the  form  of  a  fpark. 

]  have  made  many  experiments  with  this  inflrumcnl  relative  On  the  fpoa> 
to  its  fponlaneouselefir icily,  and  I  find,  as  a  fingle  mylliplier  I^'^'J'^ 
(that  is  wlien  an  ele£lrometer  is  conne^ed  with  C)  it  has  no  inftiunuiit. 
effect  on  the  moll  delicate  gold  leaf  eledromeler  I  could  make; 
bul  as  a  double  multiplier  (that  is  when  an  elefirometcr  is 
conneded  with  E)  there  is  Tome  fmall  efTeft  if  fume  cle^ricity 
had  been  communicated  lo  it  within  an  hour  or  two,  although 
it  may  have  been  difcharged  by  touching  each  of  the  plales  with 
a  mcial  point  (which  I  find  is  the  mod  ejteftual  way  of  dif- 
charging  fmall  portions  of  eleflricity,)  bul  il  it  has  flood  three 
or  four  huurs  after  being  difcharged,  it  will  not  give  any  (igns 
of  eleftriciiy.      When  ufed  aa  a  doubler  it  always  becomes 
eledrified  with  between  eight  and  fifteen  motions  of  the  lever. 
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charged 


even  though  it  lias  not  been  ured  for  two  or  three  months. — ' 
But  if  it  his  been  ufed  within  two  or  three  hours,  the  ttfeci 
will  lake  place  with  fewer  motions  of  the  lever,  and  jf  it  hai 
been  ufed  within  a  few  minutes,  two  or  three  motions  will  ba 
more  than  fufficlent  lo  afcectain  t!ie  (juality  of  the  eleftricity. 
It  is  lo  be  oblerved  that  the  inllranient  was  always  difcharged 
(by  the  metal  point  as  before  obferved)  between  each  trial. 

In  the  courfeof  making  tlie  experimenls  on  the  fpontaneoM 

ele<^ricity  of  Ihi;  iiiflrumeat  I  found  that  it  was  always  pofi- 

tive  if  the  innrument  had  not  been  ufed  for  two  or  three  days* 

whatever  eleftricity  it  was  lalt  charged  with.     But  the  liroc  it 

faaA  fland  unufed  after  it  has  been  difcharged,  lo  produce  thii 

■  iMfeA,  depends  a  great  deal  on  the  weather;  if  the  air  ii  very 

^.luinid,  twenty-four  hours  is  quile  fulBcienl,  bul-if  it  is   very 

'  d*y,  it  will  require  four  or  five  days. 

Alter  I  had  ohferved  that  after  the  inOrument  w: 
with  ptiGtive  eleftriciiy  its  fpontaneous  eleflricily  » 
polltive;  and  that  after  it  was  charged  wiili  negali 
city,  its  fpontaneous  electricity  was  negative  only  i 
certain  time  after  it  had  been  difcharged,  and  thc-n 
poftlive;  atid  alfo  that  it  required  a  greater  number  of 
of  the  lever  lo  produce  a  ceilain  cfTcfl  on  the  ele6)romelfl| 
with  negative  eleflriciiy,  the  longer  it  Itood  after  it  had  beei 
(rbarged  with  negalive  eleClririly,  and  that  when  it  becanil 
pofitlve,  the  longer  it  flood  the  lefa  number  of  molioni  of  the 
if  it  required  locfFL-fl  the  elearometer  iviih  pufillve  eloo- 
Arlcity  to  a  certain  degree,  and  this  within  fomc  certain  limits. 
I  wa^i  at  a  lofs  how  lo  account  (or  this  change.  However, 
after  foine  confidemlion,  1  began  lo  fufpefl  that  the  plates  {al- 
Ibough  all  o(  the  fame  metal,  copper]  had  each  a.  property 
peculiar  lo  ilfelf,  of  acquiring  a  certain  fmall  charge  of  one 
kind  of  electricity  in  preference  lo  Ihc  other;  and  ihut  if  they 
e  left  lo  themfelvcs  they  would  naturally  do  To.  I  llierefons 
began  a  fel  of  experiments  loafcertain  tiic  piobabilily  of  thi« 
.fuppofilian.  Firl),  direAly  after  the  inflrumcnt  had  been  ufed 
for  negalive  eleflrieily,  1  difcharged  it  by  touching  each  of  the 
|)Ules  with  a.  metal  point,  which  I  held  in  conlaft  w  ilh  each 
plate  for  two  or  Ihree  fecondc.  An  deflrometer  wat  then 
connefled  with  the  plate  A,  and  while  it  was  in  ihii  filuation, 
it  was  made  lo  diverge  with  polilive  cledriciiy  ;*  it  was  then 


*  The  eleflrometer  w 
gUfsor  felling  vnw  nea 


s  made  todivergcby  brlngingan  excited 
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AfehtripMl  bj  a  flight  tonch  with  tlie  finger^  the  leirer  wti  then  Oa  dM  i'pM« 
■M>red  littiekw«Ffl<  and  forwards  about  fourteen  timei^  and  the  J^^!^^^ 
dedrometer  diverged  with  negative  electricity.  This  was  re-  u 
|ieated  feveral  times  with  the  fame  eSe6t. 

The  lever  was  then  put  in  fuch  a  pofitton  that  the  plates 
Goold  ncrt  be  fuppofed  to  ad  a«  condenfers^  one  pair  more  than 
another,  and  the  whole  was  left  untouched  for  twenty«foor 
faoBfs.  It  was  then  tried,  and  with  twenty  motions  of  the 
ierer  the  eledrotneter  diverged  with  |>o(itive  ele(6trictty. 

It  was  then  leR  untouched  for  eighteen  hours  more,  and  on 
trial  the  eledroroeter  diverged  with  pofitive  eledricity.  The 
inftntment  was  next  difcharged  with  the  metal  point  as  before, 
and  the  etedrometer  made  to  diver^  with  negative  ele^rictty, 
which  was  difcharged  by  a  (light  toudi  of  the  finger.  The 
lever  was  now  worked,  and  with  nine  motions  of  the  elec- 
tfometer  diverged  with  pofitive  ek'dricity.  It  was  then  dif* 
charged  and  left  untouched  for  fixleen  hours,  after  which  it 
ffirerged  with  pofitive  ele^ricity  after  a  few  motions  of  the 
lever.  It  was  then  left  untouched  far  five  days,  after  that 
time  it  gave  pofitive  eledricity  when  the  lever  was  worked. 
Tliefe  experiments  I  have  repeated  a  great  many  times  with 
the  fame  effedt. 

A<$  It  appeared  from  the  foregoing  experiments  that  the  re- 
Cduam  on  the  electrometer  was  infufficieut  to  overcome  the 
effed  of  the  refidnum  on  the  plates,  I  was  induced  to  charge 
the  whole  inflrument  with  the  effvCt  of  the  eledtricity,  I  would 
wifh  to  communicate  to  it,  and  this  I  did  by  making  the  elec- 
trometer diverge  with  the  defired  ele6lricity,  and  while  it  was 
divergent  I  began  working  the  lever,  to  communicate  the  ef- 
k€t  to  all  the  plates.  I  charged  the  inflrument  with  negative 
electricity  firfl,  and  dilcharged  it  with  the  metal  point.  The 
lever  was  then  worked,  and  in  eight  motions  the  electrometer 
diverged  with  negative  eleCtricity.  It  was  then  left  untouched 
for  five  days,  when  eighteen  motions  of  the  lever  made  the 
electrometer  diverge  with  pofiliv<'  eleCtricity.  This  has  been 
often  repeated  with  the  fame  effeCt. 

The  inftrument  was  next  charged  with  pofitive  eleCtricity, 
and  difcharged  as  before,  after  which,  fix  motions  of  the 
lever  made  the  electrometer  diverge  with  pofitive  eleCtricity. 
It  was  lefl  untouched  for  twenty-four  hours,  when  the  elec- 

trometer 
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On  ibe  Tpon-     tromeler  diverged  wilh  pofilive  eleflricily  wiLh  Iwelve  molloni 
\  of  llie  lever,  and  fo  it  did  after  it  had  flood  unlouched  foi  tix 


The  probabilily  oF  the  foregoing  ruppofitii 
property  of  the  plates  acquiiing  a  charge  of  one  electricity  in 
preference  to  the  otiier,  was  more  fireiiglliened  by  the  follow- 
ii  ^  experineni,  which  has  been  repeated  feveral  times.  The 
in.'rument  was  charged  with  negative  eleflricily,  and  then  leCl 
without  dirchargiiig  for  iWL'nly-iour  hours,  when  fifteen  mo« 
tions  of  the  levee  made  the  eledrometec  diverge  wilh  pofitive 
elearicily. 

1  make  no  doubt  if  the  plates  were  of  different  melals  this 
efiefl  would  be  more  Itriking,  and  that  iu  Tome  cafes  we 
lliould  have  the  contrary  cleflficiiy.  I  intend  to  conllruft  one 
of  thefc  inflrumenti  in  fuch  a  way  that  plates  of  any  metal 
may  be  put  on,  and  their  effed  tried.  1  think  this  a  fubjefi 
well  worth  purfuing  ai  it  may  throw  fome  light  onfome  of  the 
phenomena  of  ele^ricity,  which  have  their  caufes  at  prefent 
buried  in  obfcurily. 


yote  rejpcfiing  llie  Su/prnfion  of  Zinc  in  Hidrngm,  and  thi  coiu 
Jcquenl  Igmtioit  and  Pu/ionqf'  Platiaa  Wire.    By  Akicus. 


To  Mr.  NICHOLSON. 


m 


Ignition  iml  -i  EMPLOY  a  gajbmettr  of  a  much  more  £mple  conf1ru£)ion 
S^tbLrf'"'  ""''  '""*^'*  '^^^  ^''P^"™  '^^"  Lavoifier's,  which  that  ftilful  and 
Eiiomctcr,  intelligent  arlilt,  Cuthlieiifm,  invented  at  ray  entreaty,  about 
ten  yean  ago.  It  i«  deCcribed  in  your  valuable  Journal  (quarto 
feriea,  vol.  ILp.  235,)  The  brafs  rod  or  llie  thick  wire,  which 
conveys  the  electric  lire  through  the  upper  receiver,  has  about 
half  an  inch  of  plalina  wire  appended,  lo  hang  jull  over  the 
aperture  through  which  the  hydrogen  gas  rifes  at  ihe  bottom 
in  the  bfafs  work.  Zinc  of  any  oiher  fort  of  metal  would 
either  be  melted  or  readily  oxided.  But  the  other  day,  1  was 
much  furprized  lo  fee  the  plalina  wire,  on  becoming  as  ufual 
vtd  hoi  Irom  tiie  tlame  of  the  hydrogen  gas,  melt  into  globules 
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m  resdaly  as  copper  or  braft  wire  would  have  done*  I  foon  — caofed  by  tke 
perceived  from  the  a^aur  of  the  flame  of  ihe  hydrogen  and  ▼j^'tilj^'tioo  of 
the  de^iit  of  whiie  clouds  on  the  infide  of  the  glafs,  that  the 
nptd  folution  of  the  finely  powdered  zinc  ufed  to  afford  ihm 
gaSy  that  this  metal  was  adually  fufpended  or  diflblved  in  the 
gas^  and  hence  the  sine  ading  to  the  platina  fufed  the  latter« 
It  may  be  perhaps  ufeful  to  know  this  fa6t«  which  occurred 
during  the  public  ledure. 

Your's^  as  ufual« 

AMICUS. 
/a/y2,  1804. 


VI. 

D^tripdon  qfa  BUm^Pipe  a&ing  by  the  Frejfure  qf  Water,  by  ihe 
Abbi  Meiograni,  In  a  Letter  Jrom  Mr,  G.  B.  G&ebmougu. 

To  Mr.  NICHOLSON. 
SIR, 

No.  15»  ParUament^Slreei, 
Augufi  \S,  1804. 

1  ERMIT  me  to  make  you  acquainted  with  the  principle  ofBlow.pipefap« 
an  inftrument  invented  by  the  Abb^  Meiograni,  and  ufed  by  ^fj^.itJ^^'^" 
him  at  the  Royal  Mmeralogical  Collection   at  Naples,  as  a  chiming  their 
fubftitute  for  the  blow-pipe.     I  regret  that  I  cannot  fend  you  pofi^if*'*** 
an  accurate  account  of  its  con(lru6liony  as  I  made  no  (ketch 
at  the  time,  and  fpeak  only  from  recolledion. 

Two  hollow  glafs  globes  of  convenient  6ze  were  conne£led 
together  by  two  brafs  tubes  laid  along- fide  each  other,  one  of 
them  having  a  valve  or  (lop  cock,  I  am  not  fure  which,  at 
each  end,  and  a  (ide  tube  of  the  fame  metal  going  off  from  the 
middle  at  right  angles.  The  frame  was  attached  to  the  verti* 
cal  tubes,  fo  a«  to  allow  the  globes  to  circumvolve  each  other. 
Let  the  lower  globe  be  half  filled  with  water  and  inverted; 
Then  the  water  in  A  (Fig.  2.  Piate  IV.)  running  into  B 
through  (he  tube  C,  will  force  a  condant  (Iream  of  air  into 
the  tube  D,  and  thence,  the  upper  orifice  being  clofed,  into 
the  fide-tube  £,  at  the  mouth  of  which  the  candle  is  placed. 
When  the  water  is  nearly  run  out  invert  the  globet. 

If 
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If  the  principle  of  this  inftrument  (ha!l  app^r  to  joa  de. 
ferving  of  the  poblie  attention^  It  would  give  me  pleafare  to 
fe(s  it  fubmitted  to  the  readers  of  your  excellent  Journ^.  I  have 
the  honour  to  fubfcribe  myfelf. 

Your  obedient  humble  fervant^ 

G.  B.  Greenouch. 


VII. 

OutUnts  qf  the  Mioeralogical  Syfiena  qf  Uomi  de  Ufie  and  the 
Abbi  Hauy;  uUh  Objhrvaiions.  By  the  Abbe  Buce,  Com" 
mitnicated  by  the  Htnu  Robert  Clifpo&d, 

To  Mr.  NICHOLSON. 
SIR, 

Outlines  of  the    W  HEN  the  public  mind  appears  at  any  time  (o  diredt  it* 

mineralo^cal    ^  f^jf  towards  a  particular  fcience  (as  it  does  at  prefent  towards 

fyftemsofRome     ...     *  r  c    %  \  n-.       c 

de  Liflcy  and  the  mmeralogy,)  no  perion  can  feel  the  necemty  of  removmg  any 

Abbe  Hauy.       erroneous  opinions  relating  to  that  fcience,  more  forcibly  than 

a  gentleman  who  dedicates  his  time,  as  you  do.  Sir,  to  pro* 

pagate  corred  fcience  by  means  of  your  Journal.     Adualed 

by  the  fame  fentiments,  may  I  requeft  the  infertion  of  the  en* 

clofed  paper^  whofe  objed  is  to  remove  feveral  erroneous 

opinions  relating  to  the  mineralogical  fyflems  of  Romd  de 

L'Ifle,  andof  the  Abb(:Hauy.  Ii  was  written  by  the  Abbd  Bu^e 

in  French  for  a  friend  of  his,  but  on  its  being  communicated  to 

me  by  the  author,  I  requeued  leave  to  fend  an  Englifh  tranf* 

lation  of  it  to  you,  thinking  it  might  be  acceptable  to  thofe 

who  are  fond  of  philofophrcal  purfaits.     Should  your  opinion 

coincide  with  mine,  you  will  certainly  afford  it  a  place  in  one 

of  your  enfuing  numbers. 

And  I  remain.  Sir, 

Your  very  humble  fervant^ 

RoDE&T  Clifford* 
WeJbeck'Slreet,  July  1 3,  1 80 i. 
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A  Idler fitm  the  Abbe  Bude  to  Mr.  — ,  on  Mr.  Rami  itVJfieU 
atid  the  Abb6  Hauys  Theories  qf  Cr^aJlograpJ^. 

Sir, 

IN  confeqaence  of  your  requef^,  I  fend  you  the  parallel  of  ^"^J*^  bctweca 
Ihe  two  Theories  of  Cryftallography,  which  feem  to  divide  Rome  dcrjflc 
mineraloj^ifls  in  this  country,  thofe  of  Mr.  Rom^  de  L'Ifle  and^^d  H*uy. 
of  the  Abb<$  Hany.    Yoa  are  perfe6lly  acquainted  with  the 
farmer  theory,  bat  nearly  a  firanger  to  the  latter.     Having 
lived  for  fix  and  thirty  years  in  habits  of  intimacy  with  the 
Abb^«  I  dwell  with  pleafure  on  his  works,  and  will  do  my 
utraoil  to  fatisfy  your  curiofity. 

To  Mr.  de  L'Ifle  is  due  the  merit  of  having  called  the  at-  De  Vltit  firft 
tcntion  of  naturalifts  to  that  negleded  branch  of  mineralogy,  "^***^2la[** 
cryftallography;  of  having  difcovered  that  that  branch,  though  phy« 
negleded,  was  perhaps  the  moft  intereAing  part  of  mineralo- 
gy, and  the  only  part  which  could  raife  it  to  the  dignity  of  a 
correA  fcience;  in  fliort,  of  having  difcovered  order,  by  nu- 
merous obfervations  as  ingenious  as  new,  there,   where  a 
Cronftet,  a  Bergman,  a  Buffbn,  or  a  Kirwan  could  perceive 
nothing  butconfufion;  and  thus  feemed  to  refcue  nature  from 
the  charge  of  caprice,  almofl  imputed  to  it  becaufe  great  mi- 
neralogies had  negleded  to  fludy  its  unerring  laws. 

It  was  exclufively  referred  to  the  Abb^  Hauy  to  point  out,  Hauy  firft  ex- 
to  explain,  and  apply  thofe  laws.  He  demonflrated  where  Jf  ^ft^a^ 
De  L'iflc  affirmed.  He  difcovered  thofe  hidden  fa6ti,  which 
he  has  (ince  fhewn  to  he  the  mathematical  confequences  of 
feds  obferved  by  De  L'Ifle.  If  the  latter  furnifhed  a  part  of 
the  materials,  the  Abb6  has  augmented  and  employed  them. 
The  difcoveries  of  thefe  two  writers  force  me  to  fubdivide 
cryfiallography  into  two  diflin6t  parts;  defcriptive  and  phi- 
lofophical ;  and  under  thcfe  two  heads  I  will  rapidly  defcribe 
the  labours  of  each  author. 

Defcriptive. — The  moft  important  part  of  Mr.  de  L'Ifle's  Dcfcnptfve  ery.« 
work  confifts  in  his  cryftallographical  tables.     In  each  of  thefe  ^J^iJltites 
tables  (feven  in  number)  he  defcribes  one  of  the  principal 
forms  aftumed  by  cryftah,  and  then  delineates  the  different 
modifications  of  which  that  form  is  fufceptibie,  by  means  of  dif. 
ferent  troncations  (troncature)  as  he  calls  them. 

For  elucidation,  let  us  take  a  cube,  the  primitive  form  of  Modifications  vf 
the  fccond  table,    Acube,  it  is  known,  has  fix  faces,  eight  fT<^  defcribed 

4^\lA  ^  troncations, 
lOltd  Inftancethe 
cube* 
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folid  angles,  and  twelve  edges.  If  llie  cube  be  Ir unrated  in 
a  parallel  to  one  of  lis  (aces,  a  re^jnglcd  parallel ipipcdon  will 

I_  be  produced,  and  the  equality  of  llie  faces  will  be  defiroycd. 

I  If  the  L'iglit  foUd  angles  of  ihc  cube  be  ftruck  ofl',  eight 

^  new  faces  will  replace  the  eight  folid  angles,  and  in  place  of 

B  fix  Qde%  we  Iball  have  fourteen.    If  the  twelve  edges  be  taken 

W-  off,  twelve  new  faces  will   fucceed   the   flrail   liiie^,  and  the 

■  folid  will  iiave  eighteen  fides.    Such  are  De  L'lfle's  /wpte 

■  trofteationa.    They  may  be  then  combined  with  each  other,  and 

H  made  more  or  lefs  deep;  hence  ai>  imtnenre  variety  of  new 

I  figures.    Bui  thcfe  new  forms  again  may  be  Iruni'aled  in  the 

I  dice£lions  either  of  [licir   faces,   folid  angles,  or  edget,  and 

L^,  ibefe  new  Lroncatlons  more  or  lefs  deep,  called  by  De  L'lQe 

K  jUr-ironeaiurti,  nay  alfu  be  combined  with  each  other.    Here 

V-  ~  the  forms  mull  multiply  to  intiniiy,  and  their  boundlefs  num- 

H  bers  will  foon  bury  the  primitive  cube  in  oblivion. 

■  It  muA  not  be  fuppofed  that  nature  has  furnillied  ua  with  this 

H  infinite  ferics  of  forms;  indeed  Mr.  De  L'llle  in  his  tables  has 

H  only  mentioned  ihofe  he  had  obferved,  with  fome  few  addi- 

^P  lional  fuppinilious  figures,  of  which  feveral  have  beeu  fince 

[^  difcovered  lo  exill. 

Account  of  This  ingenious  naluralill  has  given  us,  as  I  have  already 

1         Dc fine's ft«n  faij    fm.g„  crydallographical  tables.     In  the  III  he  defcribcs 
1  '        the  tetrahedron  and  its  modifications;  in  the  2d  the  cube;  in 

!•  the  3d  the  reOangular  oaahcJrun;   in  the  4th  the  rliumboidal 

I  parallelipipedun;  in  Ihe31h  the  rhoinbuidal  oClahciJiuii;  in  the 

L  6th  the  dodecahedron,  with  triangular  faces,  and  lo  each  are 

^^B  fubjniiied   their  refpeclive  modifications.     The  objecl  of  the 

^^^k  7th  table  is  lo  point  out  certain  modilicaliiin^  of  the  o£lahe- 

^^^H  '  dron  and  parallel  i  piped  on,  whether  reflangular  or  ihomboidal. 

^^B  Plates  accompany  each   table,   where   ihe  figures  are  drawn, 

and  in  the  abfervations  and  notes  on  them  are  lo  be  found  the 
ineafuresof  the  principal  angle*. 
I        Thf;  ("ntiin         Thefe  cryllallographical  tables  exhibit  only  general  repre- 
Vuhl^b-    '"'"'"''""^  "'"  '"o'''^^*  "■''i'^*'  ^^'-  •'^  ^'^^^  '"  t'le  courfe  of  his 
I        fcqucntl)'  applied  woik  applies  to  the  different  crydals  which  had  already  been 
tiiitiecfiiftji!      difcovered,  and  fallen  within  his obfervatjun.     Hiswi>rkcon- 
[       >/H,/.'X"  W  fift*  of  'h'ce  parts.     In  the  firft  he  treats  of  faline  cryilals ;  in 
I        ■»""'■  the  fecond  of  Hooey  Cpierreux)  cryflals,  and  in  the  third  of 

metallic  cryflals.  Thofe  of  the  firll  clafs  are  artificial,  ihofe 
of  ihc  two  latter  clairei are  naluml  cryflals,  and  arc  fubdividcd 
inlQ  genera,  fpeciei,  and  varieties. 

Whco 
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V^hen  treating  of  a  fpecies  or  of  a  variety,  he  refers  his  His  metlio4  sf 
reader  to  the  table  where  the  figure  of  that  fpecies  or  variety  ^cicriptioiu 
IS  to  be  found,  and  he  then  enumerates  every  thing  relating  to 
minerals  afluming  that  cryftalline  form:  But  I  cannot  termi* 
nate  thb  (ketch  better  than  by  the  following  extradl  from  the . 
Abb^  Hauy*s  treatife  on  mineralogy. 

*'  In  (bort  Rom^  de  L'Ifle  reduced  the  fludy  of  cry (lallogra*  Qvotitjon 
jihy  to  principles  more  exz6i  and  more  confident  with  obfer.  fu^'n^""^^ 
vatioo.     He  claiTed  together,  as  much  as  he  was  able,  cryfbls  De  riile*i  la- 
of  the  fame  nature.     From  among  the  different  forms  belong-  ^^"* 
ing  to  each  fpecies,  he  feledled  one  which  appeared  to  him  to 
be  the  moil  proper,  on  account  of  its  fimplicity,  for  tlie  primi- 
tive form,  and  then  fuppoiing  it  to  be  truncated  in  different 
manners,  he  deduced  the  other  forms,  and  efiabliflied  a  cer- 
tain gradation  or  (eries  of  pai&ges  from  the  primitive  form  to 
that  of  polyedrons  which  would  fcarcely  appear  to  have  any 
connexion  with  it.     To  the  defcriptions  and  figures  which  he 
gave  of  the  cryftaliine  forms,  he  added  (he  mechanical  mea- 
furement  of  the  principal  angles,  and  be  fbewed  (a  mod  efien- 
tial  point)  that  thefe  angles  were  confiantly  the  fame  in  each 
variety.    In  a  word,  his  cryftaliography  is  the  fruit  of  immenfe 
labour  by  its  extent;  almofl  entirely  new  in  its  obje^,  and  of 
great  value  for  its  utility."     (Vol  I.  page  J7.) 

The  Abb6  Hauy  in  his  treatife  on  mineralogy  embraces  a  The  iiiijienIogy« 

&r  greater  extent  than  Mr.  de  L'lfle,    His  mineralogy  is  not  o^^f^y  '^  ^ 

®  .  .  .  nnercl/dcfcrip- 

only  defcriptive,  but  it  is  phyfical,  chymical  and  geometrical,  cive,  but  phyfi. 

In  the  perfuafion  that  a  mineral  cannot  be  well  defcribed,  nor  ^'  chemical 
even  in  many  cafes  recognized,  unlefs  its  phyfical,  chemical, 
and  geometrical  charafters  are  clearly  laid  down,  the  Abb^ 
never  omits  any  one  of  thofe  charaders  when  afcertained,  and 
expofes  with  the  rood  fcrupulous  exadtnefs  every  thing  relating 
to  them  that  obfervation  has  authenticated.     He  has  be  Ac  wed  Ele^ricitr, 
particular  attention  to  the  ele^rical  and  magnetic  phenomena,  Magnedim. 
and  has  enriched  the  fcience  with  a  multitude  of  new  and  cu- 
rious obfervalions.     He  attentively  examined  the  property  of  Double  refrac* 
double  refra^ion,  which  feveral  tranfparcnt  minerals  enjoy  ;^*°'*' 
and  here  again  he  has  extended  the  boundaries  of  fcience.     A 
few  minerals  were  known  to  poflefs  this  property,  and  the 
Abb^  has-  difcovered  it  in  feveral  where  it  had  never  been 
furmifed. 

When  we  confiderthat  writers  on  mineralogy  have  hitherto  Hauy  has  ex « 
grounded  their  fyftems  exclufivefy,  fome  on  the  exterior  cha-  ^clhabiwides, 

raSersi 


raflers.  others  on  the  chemical  properlieiof  mineral*,  and  ih'at 
Uie  Abb6  really  has,  purfuanl  to  liis  plan,  (fee  in  Iha  begin- 
ning ol'  ibe  volume  of  plates,  Lu  dijirilmtion  melhndiijue  da 
mineraux,  par  claffrs,  ordm.  Genres  f(  ejpecci,  (he  melhodicat 
diJiribution  of  inineriils  into  clalTes,  ordect)  genera,  and  fpecieo) 
oiiiled  all  that  has  liilherlo  been  dircovcred  on  mineralogj, 
wilhoiil  falling  into  that  confufion  which  has  ever  been  im- 
puted to  other  mineralogica!  writer?,  we  are  almnft  aftoniflied 
3t  hi»  fucccfs.  "  To  dafs  minerals,  to  furniQi  the  means  of 
difcovering  to  which  clafs,  genus,  and  fpecies  a  mineral  under 
examination  belongs,"  are  the  two  great  problems  which  the 
Abh6  Hauy  propofes  for  fnlution. 

He  folves  the  tirft  iri  following  Bergman's  method  (founded 
on  chemical  properties)  much  improved  by  the  immenfe  pro- 
ic-gref*  which  chemical  analyfii  has  made  fince  the  days  of  thai 
great  chemifi.     In  the  folution  of  the  fecond  he  follows  Wer- 
ner's method  (grounded on  exterior  cbaraflcrs)but  corroborated 
by  a  multitude  of  new  expeiimcnts,  eatily  made  and  brought 
to  a  furprizing  degree  of  correflnefs  by  the  AbbiS's  own  la- 
bours on  the  forms  of  crvftais.     But  I  perceive  that  tlie  im- 
mcnGty  of  matter  contained  in  this  trealife  is  leading  me  from 
thai  jwiDt  which  I  had  particularly  in  view,  I  mean  cryl!al- 
lography. 
Hi-y'idefciip-       In  the  defcriplion  of  cryJlals  the  Abbi5  employs  tlirec  dif- 
•'""'^  "!'*■''■  feretil  means.     1(1  He  drawi  llieir  figure;  he  does  not  give 
(ion,  cryAallographical  tables  as  Rome  dc  L'lde,  which  are  oiilj 

general  properlie*)  but  draws  feparately  each  fpecies  and  \a- 
riely.  Every  form  given  in  llie  plate*  has  been  examined  by 
llimfclf;  he  has  calculated  every  angle,  and  neverthelefs  his 
plates  contain  one  third  more  figures  than  De  L'lfle)  tables, 
«.l!)rrjml)oi"ic  2d  He  makes  ufe  of  fymbolic  fignt,  than  which  nothing  can  be 
fign>  dcSgnitiiii  tnore  fimplc,  and  were  invented  not  to  recall  the  form  of  the 

the  livvi  of  ihcjr  ' 

produflBin.        cryflal  to  the  mind,  but  Ihclawsby  which  it  has  been  produced. 

Yet  I  have  met  wiiii  perfons,  who  were  foBccuftomed  lothefc 

figns,  that  at  firft  fight  of  them  they  could  immediately  figure 

to  Ibemfelves  the  form  of  the  corrcfponding  cryflals.     Thefe 

ligns  can  slfo  be  fpoken,  and  much  circumlocution  in  confe> 

J.  Bt  nomcn-    quence  avoided.     3d  A  fignifitant  nomenclalure  fubdivided 

<lKuie.  into  general  and  particular.     The  general  is  for  the  minerab, 

and  compriTes  only  fubrtaniive';  the  particular  for  the  cn,jlals, 

and  isenlircly  compofed  of  adjcflivci.     He  ftudtoufty  avoideJ 

i  introducing 
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inlfadaang  new  najne-^,  and  nevcriiiclcfs  Lias  been  oblif^ed  Is 
iolrodacv  many,  where  new  fubllancei,  name*  capable  of 
gi*ing  hifv  imprcEGons,  or  olbcrs  void  of  Cgnilicslioii  Rnd  un- 
fapjiorled  by  long  ufage,  required  it.  Heihcnfubniluted  name* 
uLen  iVom  l!ie  Greek;  a  lanj^uage,  be  fays,  thai  cniinL-nlly 
cojofi  ifafl  lacuily  «i  cornbioin);  leveral  words  logettier,  fu  ai 
la  form  one  reprtfcnliog  concifely  the  objecl  to  be  named. — 
The a<lje{li*e«  ufed  in  the  nnmniclauire  of  ihe  cryRaSi  alfo  al- 
Udeiofomc  retnoikable  circumllancu  of  tlie  crjlliJIine  term, 

I  (ball  novr  proceed  to  philo(upliical  crj  DaJlogrBphy,  which  Plulorophicil 
stigtM  be   called  the   philofophy  of  mineralogy.     It  'does  not  t'r«»lbi"fhj. 
conliri  in  fearching  for  the  primary  caufcs  of  phenomena,   no- 
thing can   be  lef:  philofophical  liian  fucli  a  refearch;   primary 
»afe»  will  ever  be  beyond  Ihe  reach  of  ilie  human  mind! 
The  imroortal  Newton  was  (he  tirl)  lo  point  out  to  us  by  Ihe 
■lelhoJ  lulluweil  in  Wis  admirable  book  <■!  the  Pnncipia,  that 
Ibe  only  true  iihilofophicaj  way  of  treating  a  phyGcai  fcicnce, 
wof  esplaininga  natural  fafi,  iTastodemonlirale  [hat  it  wajThetroemethirf 
the  malhemalical  confeqiience  of  a  general   law,     grounded  "{  y        * 
DO  ail    aggregate    of    fa&i    already   ubfcrved     and     capable  ilut  the  fjAt  ue 
ofcorrefl   calculation.     If  any  one  of  ttiefe  conditions  oi 
irsntiog,   we  immediately  kmicfa  out  into  Iiypothelii,  expl; 
aalion*  become  vjgue,  and  however  much  we  may  be  per-  Hvpoihelii. 
fuaded  of  the  truth  of  out  aOertions,  we  can  acquiie  no  cer- 
tainty. 

Letoiapply  thefeprinciplei  toonrtwowritcM.     De  L'Ifle,  Tin  meth'sd  of 
iadedaring  that  tiie  various  forms  obferved  'i  erjftals  of  the  j^°"^  ;^  1^^, 
lame  fubflance  are  only  modifi cation!!  of  one  couflanl  primitive  ficknUntoi- 
fbrm,  cerUiniy  announced  a  moll  important   truth.     It  wa*  a"^"*^^*         r 
fiafh  of  geniu*i   but  in  a  philofophii  al  enquiry,  to  prove  it  and  ' 

not  liniply  to  (ay  ii,  was  ihe  necelTary  Hep.     On  the  fiifl  in-  t 

fpefiion  of  his  cryftallographical  tables,  a  ftuderl  It  rempled 
lo  think  thai  important  truih  dcmonllraled;  but  on  a  clufcr  ex- 
atoinatiou,  the  imprpflii.n  is  done  away.  The  fame  order  per- 
Tadei  every  table.  By  flight  palTagei  the  liudenl  is  led  from 
Ibe  fimpler  to  the  more  compound  forms,  and  alter  every  paf- 
Lge.  is  tempted  to  fay  ;  this  can  only  be  a  roodilicalion  of  ihe 
primitive;  Ilien  when  the  leal  cryfial:,  and  the  tigurei  nf  iha 
tabUitarfecoa)|nrcd  together,  and  ullthofe  of  the  fame  fpeciei 
(with  a  very  few  exceptiooi)  are  found  in  the  fame  table, 
bow  eafy  it  ii  toperfuade  ouifelves  that  nature  rnu^  operate  by 
fimilar 
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fimilsr  p.-tlTiges  when  pnidiicitig  the  various  fornix  of  cryflats ) 
and  the  primitive  of  tiie  lable  before  us  bim^  be  ihe  prrmilivcof 

kthecr}f]a!  under  examinalfon.  In  a  word  Jtit  ihe  inufl  Gmple 
furm  i  and  i\i(l  impielliuns  greatly  (trcngllieii  rhe  llliifion.  If 
perfuafioLi  was  the  foleobjeaol  philoraphy,  De  L'Kle  would 
Iiave  been  a  powerful  pliiloropher;  but  phiiofiipliy  muft  con- 
vince, demon  lira  tc,  and  wrefl  confenl,  however  violenilyop- 
pofed.  An  enemy  muR  not  therefore  be  able  lo  make  ule  of 
lite  fame  arras,  or  adduce  (he  fame  proofs  lo  eliablidi  a  con- 
trary opinion.  Neverlhelefs  focb  would  be  Cafe  with  Mr. 
atdoniThe  De  L'llle's  tables  and  the  application  of  thum:  For  il  isanin- 
Xbillaia.ocKL"""'^''"'*'"  ^"^'  "'*'  byaferiesDrarbilrarylroiicalions  we 
maypafs  infenfibly  from  any  given  form  to  any  olher.  Grounded 
en  this  principle,  and  feconded  by  Mr.  de  L'lfle's  ingenuity, 
any  form  may  become  primitive,  and  any  other  deduced  from 
it.  Now  35  fhc  combinations  are  infinile,  a  multitude  of  tables 
may  be  conltruCied,  forms  nf  the  fame  fpecies  may  be  dif- 
perfed  in  JilTcienI  tables:  the  moft  fimple  of  each  table  will 
be  ihe  primitive,  llierefore  forms  of  the  fame  fpt^cies  vrjli  have 
different  primilives.  But  when  by  the  fame  principle  both 
fides  of  Ihe  iguellion  can  be  proved,  nothing  in  proved. 

To  fi.y  the  moft  limple  form  mud  be  ihe  primitive  is  an  il- 
lutioii,  for  we  know  not  what  is  the  moft  fimple  fornalure. 
With  uui  feeble  organs  and  confiiiei)  f<^nfes  we  con  form  no 
judgment  of  jimfle,  ivlivn  the  operations  of  nature  are  in 
quellion.  Nature  embraces  the  entire  univerfe,  her  laws  are 
fimplej  but  the  combinations  made  according  lo  thofc  laws 
arc  unbounded,  therefore  complicaled. 

s  not  forget,  however,  that  ihe  idea  of  Ironcatiou?, 
uid  the  idea  of  taking  tlie  moll  fimple  form  for  the  primitive, 
are  fu  natural  that  ihey  mufl  have  been  the  firll  to  prefent 
themfelves  to  the  man  whq  was  opening  ihe  carreer:  "  Oflen, 
fays  the  Abbt:  Hauy,  (vol.  1.  page  14)  a  more  compound  form 
only  diiTers  from  a  more  limple  one  by  certain  little  faces  which 
may  bo  produced  by  fe^ions,  either  at  ihe  folid  angles,  or  on 
ihe  edges  of  the  fimpli^r  form,"  and  in  a  note  he  lays,  "  this 
V*as  the  obfyrvation  which  gave  the  celebrated  Romii  de  L'llle 
the  idea  ol  his  fyllem  of  troncalions,  that  he  might  fuccef- 
iively  deduce  from  each  other  the  dilferenl  vatieliei  of  cryAaU 
line  forma  allumed  by  the  fame  fubiiance." 

Mr. 


The  fyfltm  of 


inrroduaion  to  his  work  b>  Derifl*'); 
thero,  ihe^d  and  16lh  tte  «fol-^         "" 


**  U.  Every  angular  polyhedron,  or  every  cryflillized  fub- 
ftntcc  u  3  iiiLX  in  the  molt  exlended  acceptation  of  lliat 
1Mb." 

"  XVI.  Every  faline  fubdance  whofe  conftituent  parts  are 
perfefiiy  Talurzied  and  combined  alfefls  ihe  cubic  form,  or  iH 
wverre  ibe  odalicrlroni  whereas  the  falls  which  are  not  neuter, 
or  whufe  condiiueni  parls  are  not  exa6)ly  combined,  affcA 
cither  the  prifinatic  or  the  vhomboidai  forms," 

I  need  fcarceljr  obft-rve  that,  lo  Ireat  liiefe  axioms  only  as 
doubtful,  would  be  irealing  them  kindly.  The  oilier  BKioms 
we  maticrs  of  fa^,  from  which  he  draws  no  confequence,  and 
indeed  it  would  have  been  difficult  for  him  lo  have  drawn  any. 

The  Abb^  Hauy  does  not  undertake  to  prove  gen  era  llyi  that  Haaj'iciblbUI 
among  the  different  crjIJallinc  forms  of  the  fame  Tub  (lance,  one  *'^''  '^'^t*' 
of  Uiem  is  Ihe  primitive;  but  he  produces  that  priroilive  form  cjH^,,  "" 
fmn  each  cryflal,  which  is  always  fimilar  in  firoilar  fubftances. 
Hedemonilralet  it  analylically  and  fynlheticaliy;  by  an  ana- by  »„iyr„, 
lyfij  which  might  be  called  iiiiiicralogical  anali/Ju,  and  pointed  (;«theCv. 
out  by  nature  herfdf :  By  a  rynlhelii  hilherlo  the  property  of 
Dalhemaliciani,  but  here  fupporteJ  by  ibe  general  laws  which 
tiiianalylis  has  revealed  lo  bim.     The  conltanl  accord  found 
betsveen  this  fyulhefis,  and  daily  obrervalion  is  a  proof  of  the 
exaSneff  of  hit  method. 

Two  fa3i  were  the  foundation  of  his  theory ;  I .  In  all  limes  FaaitmenM 
jewdleri  and  lapidaries  have  remaiked  that  Hones  are  more  'j^'-    'jj"^' 
oGty  cut  in  fome  certain  direfiions  than  iii  others.     2.  Who-  i„  'rXfr  di- 
everhai  been  in  llie  habil  of  feeing  natural  cryftals  rauli  have  "Owniopl) ; 
oUienred,  that  when  their  firms  arc  well  determined,  (hey  are  jj^-^,  ^^^  j|^j 
always  lerrainaled  by  plane  furfaces.     Thus,  fays  the   Abb£,  lined  oi 
"  thofe  foft  outlines,  and  ihat  roundnefi  fo  frequent  in  the  ani- 
hmI  and  the  vegetable  kingdom,  where  they  are  inheient  to 
|}ie  organization,  and  contribute  even  (o  the  elegance  of  the 
forms,  indicate  on   the  contrary  in  minerals  a  want  of  per- 
fi^ion.     Tlie  chata^eridic  of  true  beauly  in  minerals  is  ihe 
Oiatt  line,  and  it  was  with  truth  that  Rom^  de  L'lHe  declared 
littt  line  to  be  the  peculiar  property  of  the  mineral  kingdonj." 
The  fiift  fafl  fuggelled  the  minemlogical  analyfis,  and  the  fe. 
c«nd  (umidied  him  with  the  laws  on  which  he  grounded  hli      ^ 
lynlhefia. 

Vot.  IX.— SfiPTiKBtH,  1B0+.        D  £'.quma 


Enijuirici  on  tfajSrj!  Faa. 
On  (he  iniiifii       J,  All  cryflaU  that  can  be  fplit  by  meani  of  inftniments,   of. 
TfcrJlhl'r'intD    fctlollie  Tiew,  if  fplil  in  cerfain  direflloin,  plane  and  fmoolh 
rrgulMiy  fotmcd  ^mtica.     If  divided  in  oiiier  direSions,  the  fraflure  i»  rugged. 
6ttln!^''  ^  ufelhe  wofd^W,  snd  nol  Jlnved at  eia,  as  thefeaionsof  lh« 

I  cryflalare  nitl  W  be  obtained  by  flow  and  cnnlinued  efforts,  but 

by  fudden  Ihocks.     Paliencu,  dexlerily,  and  babil  enabled  the 
Abbe  to  fplit  a  great  number  of  cryOals ;  in  all  he  dilcov«red 
plane  rmuoth  riiilaces  when  Tpllt  in  certain  directions,  but  when 
in  uthi;r  direAioii>,  the  rmOure  was  always  rugged  and  irregii- 
lar.     I  requeft.   Sir,  youf  aHenlioii  to  this  important  facl,  il  !i 
ruiidamenial,  and  Ibe  more  ttnpnrianl,  as  feveral  pcrlbns  of 
much  general  iFiftH'nistiDn  have  negte^ed  [o  attend  lu  it,  and, 
tfaaptnmimtl,  in  confequence,   have  fujipofed  the  whole  of  this  llieory  to  b« 
Il^ow'of     grouniled  on  hypolliefi*.     It  would  be  equally  erroneous  \a 
DtlineiKra      con  round  til  efe  frflions  ofcryftalii  with  De  L'We's  Uoncationii. 
ljfMbi*iak        Yhe  latter  indeed  ^varn^  his  readers,  that  by  the  word  (nwico. 
tinru  he  wiflies  only  lo  Agure  the  appearance  of  the  cryftal  ex- 
amined.    They  ari?  not  therd'ore  real,  but  only  a  mean*  of 
warping  llic  imaf'inalian  Id  the  exterior  form  of  thecryllal,  and 
are  by  Iheir  nature  only  defcriplive.     The  Abb^  Hauy's  feo- 
tioni!  are  real,  and  are  pointed  out  to  Ihe  ob(erv<;r  by  tlie  inte- 
rior flruflure  of  the  cryftals ;  they  are  experimental. 
The  inclianioiu      2.  The  plane  fmoiilli  lurlaces  obtained  by  the  above  method 
MSur"  "*   """^  refpeflively  parallel  to  3,  *  or  6  planes.     The  mutual  in- 
"" '  clinalion  of  lliefe  planes  to  each  olbcr  are  eonflaiit   in  cryftaU 

of  the  Tame  fubHance,  whatever  may  be  the  exterior  form  of 
the  cryflal.     Native  antimony,  phofpliate  uf  lead,  and  quarts 
feem  lo  lliew  an  appearance  of  rnore  than  fix  planes,  and  the 
Abbs  Hniiy  leann  to  the  opinion  of  only   five   planes   in  fome 
cafci;  but  as  thefe  are  exceptions  to  the  general  rule,   and 
would  only  tend  to  complicate  ihii  flatement,  I  (ball  take  no 
further  notice  of  ihem. 
Exp]»n»iior'if        Let  us  fuppofe  the  fmooth  furfaccs  lobe  only  parallel  lo  three 
tht  figuici  wU    ptaiieu,  or  in  other  words,  that  the  ftbfiance  will  only  fphi  in 
^™jl»"bv"tlit     "ife*  direflions,  in  that  cafe  the  feflion!  can  only  prorluce  a 
taohoiaf  Hiiij.  parallel!  piped  on,  whofe  nature  is  determined  by  the  mutual  in- 
clination of  the  planes  to  each  other.     II'  the  planes  are  per- 
I  pcndicular,  il  will  be  reflangular,  Uc. 

L  We  next  fuppofe  the  fmoolh  fiirfaces  to  be  parallel  io  four 

^H  planes.     Here  adifliiiftionariies,  whether  ijiree  of  thefe  plane* 

^^^H  hav* 
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bare  a  comtnan  inlerfedion  or  not;  and  it  mull  be  reniem-Eipl'iwtinn  of 

bcKd  thai  if  Ihe  four  pkne»  have  a  common  inlerfeflion,  no'^^^'^ 

lUid  can  be  produced,  at  they  can  neither  bound  nor  includecrrilaii  by  ite 

a  fpace.     If  therefore  three  of  the  four  plane*  have  a  common '~*°* '"*"^' 

iaHieik&ion,  Ihe  fpliitingi  will  produce  ciihcr  one  hexahedral 

prifoij  Of  tbiee  parallelipipedoni,  wljich  will  be  fimil-ir  or  dif- 

£aii1ar,  according  to  Ibe  CmJIarily  or  dinimilarlt}' of  inclina* 

lioa  of  Ibe  plane),  or  one  triangular  prlfn).     On  llic  contrary, 

iS  ibefbar  planes  only  intcrft-Cl  each  other  two  and  two,  there 

Itill  be  produced  eiilier  one  oClahedion,  oi  four  parallelipipe- 

^m»,  or  one  leirahedron. 

IjiiUy,  kl  ut  fuppoTe  the  fmootb  furfaccs  to  be  parallel  to 
fizj>luie$;  then  there  arife  an  immenfe  number  of  cafes. — 
Bat  we  will  for  the  prefent  conflne  ouifelvei  to  the  only  cafe 
Ibat  has  hitherto  been  obferwed  in  nature :  Where  ihe  inler- 
lefitqn  of  Ihe  planes  is  two  and  two,  then  we  obtain  either, 
1.  dodecahedron  with  pentagonal,  quadrilateral  or  Irianj^ular 
fides,  according  to  the  feclions  made,  or  fifteen  odaliedruns^ 
or  tWentj'  parallelipipedoni,  or  liheen  tetrahedrons.  It  may 
be  proper  to  obferve  here  that  though  the  fe^lion^i  parallel  to 
thefix  planes  may  be  dearly  indicated,  neverlhelcfs  it  rarely 
bappent  they  can  all  be  executed,  but  it  will  fuffice  for  the 
parpofe*  of  geometry  that  they  be  clearly  indicated  to  render 
the  cuoCequences  drawn  from  them  mathematically  corrcft. 

Having  laid  down  ihefe  premtfes,  let  us  procifcd  to  the  dif- 
fedioti  of  a  cryflal  of  carbonate  of  lime  (the  fpalh  catcaire  of 
De  L'iHe)  whofe  primitive  form  is  a  rhomboid  or  a  parallelipi' 
ped«n  bounded  by  rhumb;.  Hitherto  li;ftions  have  only  been 
obtained  tu  the  three  drrec^tont  parallel  to  iti  fides.  If  [hefe 
fcAioni  be  direfted  fo  as  to  always  pafs  through  the  center  of 
two  Qfipofile  lldei,  they  will  produce  eight  rhomboids  eijual 
to  «ach  other,  and  Gmilar  to  (he  original  one.  The  fame 
operation  may  be  repeated  oneach  of  ihefe  eight  rhomboids  and 
coalinucd  I'u  long  as  the  fubllance  remains  carbonate  of  lime, 
that  !i  to  fay,  to  be  a  combination  ot  5i  paiis  of  lime,  34 
of  carbonic  acid,  and  II  parts  of  water  of  crytlallizaliun: — 
(fee  Bergman.)  But  this  divijion  of  the  cryflaU  Into  iimilar 
felids  has  a  term,  beyond  which  we  fliould  come  to  the  fmalleft 
particlei  of  Ihe  body,  which  could  not  be  divided  without 
cbciuical  decompolilion  J  that  islo  fay,  without  an  alteration 
D  3  in 


icid,  and  water.  Thc^H 
idi,  are  what  the  ^Ifi^l 
le  carbonate  of  lime.    In   ^ 


E«[il«n»iion  (rf    Jn  the  proporlioDt  of  lime,  carbonic  acid,  and  water. 

forou'io""      '*"  panicles  which  ate  (lill  rhomboids,  are  what  the 

ciyAf  ii  by  die      Htuy  calls  the  integrant  panidei  of  the  carbonate  of  lime. 

medi«d«Hiui-.  (1,^,  fuppoctjon  Uiercfore  that  a  rhomboid  of  Ihii  fubJIance  can 
only  be  divided  in  three  direflion',  by  Teclions  parallel  to  the 
lides,  it  is  ei'ident  that  the  integrant  particles  rouR  be  fimilar 
rhomboids. 

If  a  crydal  can  be  divided  by  feClions  in  more  dircfliont 
^^^^^^^^  than  three,  what  will  be  (he  form  of  the  integrant  particles  * 
^^^^^^^L- For  example,  in  (he  pliofphaie  of  lime  (the  chryfolile  of  De 
^^^^^^H  t,'Ifle)  where  (he  feaions  are  parallel  lo  four  planes,  three  of 
^^^^^^^^B' which  have  a  common  inlerfeflLon.  According  lo  what  hai 
^^^^^^^HMbeen  faid above,  Ihefe  fedions  can  produce  either  one  hexahe- 
^^^^^^^^^Kflfra'  prifm,  or  Lhree  parallelipipedons,  or  one  triangiifar  prifm. 
^^^^^^^^^K^jt  is  evident  that  by  carrying  the  divilion,  according  (o  ihofe 
^^^^^^^^V%£lioni,  ro  its  greatefl  length,  either  the  UIl  hexahedral  prifm, 
^^^^^^^K.or  the  lali  three  parallelipipedonii,  or  the  laft  triangular  prifln. 
^^^^^^^V^^ill  be  praduc<:(l.  Are  ihefe  laft  folids  the  integrant  parti- 
^^^^^^^^^  clei;  are  each  of  (hem  To;  or  is  there  only  one  nf  ihem  en- 
^^^^1  tilled  to  that  denomination  ;  and  if  only  one,   which  of  them  ? 

^^^B  My  anfwer  it,  only  one  of  them  i  and  that  one,  the  triangular 

^^^^P  prifm,  w  hich  may  be  proved  thus. 

^^^H  It  cannot  be  denied  that  the  integrant  particle  is  that  little 

^^^P  folid  whirh  contains  the  leafl  polfible  quantity  of  the  bftdy, 

^^^B  without  aliefling  tlte  chemical  compofition  of  the  fuhlHnce. 

This  granted,  let  ub  fuppofe  ihe  hcxahedral  prifm  (o  be  the  in- 
tegrant particle.      In  that  ftippofilion   the  latt  triangular  prifm 
^^^  mod  contain  the  laft  hexahedrat  prifm,  and  is  equal  to  the 

^^^^  latter  more  three  little  triangular  prifias,  or  In  other  words  to 

^^^V~  nine  fimilar  triangular  prifms,  while  the  hcxahedral  prifm  only 

^^^H  contains  (iK,      But  the  lad  triangular  prifm  and  the  lafl   hexa- 

^^^H  hedral  prifm  each  contain  an  exaA  proportion,  and  therefore 

^^^V  a  fimilar  proportion  of  chemical   component   parts;  therefore 

^^^L  their  difference  alfo  contain  an  cxaCl  proportion  ;  but  it  is  im- 

^^^B  pulEbletoconceive  howlheir  difTerences  can  contain  the  cx- 

^^^V  aft  proportion,  unlefs  each  of  the  three  little  triangular  prifmi 

^^^B  alfo  contain   It,   they  mull  therefore  contain   it,  and  each  of 

^^^H  ihemmun  be  an  integrant  particle;  therefore   die   hexahedral 

^^^^  prifm  cannot  be  one  ;  neither  can  (he  parallel! pi pedons  be  in- 

^^^H  legrant  particles,  at  the  fame  arguments  will  Hand  good  ngainfi 

^^^H  ihem  which  havflbeensppliedtothehexahedralprifoa;  iheie- 
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fim  the  trkiigDlar  prifm  muft  be  the  integrant  V^^^^**^^?'^^^ 
"  The  fi>rms  of  the  integrant  particles^  fays  the  Abb6  (vol.  I.  iMiatiMi  of 
l^pSO)  may  be  reduced  to  three,  the  tetrahedron  or  the  moil  ^y^  ^J  ^ 
fapleof  pyramids,  the  trianguJar  prifm  or  the  mod  iimple  of.  *       ^* 

prifns  and  the  parallelipipedon  or  the  moft  fimple  of  folids, . 
hning  parallel  fides  two  and  two«  and  as  four  fides  are  ne- 
odbry  to  circumfcribe  a  fpace,  it  is  evident  that  the  above 
tbree  forms  in  which  the  number  of  fides  are  fucceffively  four, 
fve  and  Hx,  are  again  in  this  point  of  view  the  moft  fimple 
pofiUe/' 

The  phofpbace  of  lime  or  chryfolite  is  a  fubflanoe  that  has . 
given  rife  to  much  curious  anecdote.  It  fliews  in  what  a  flate, 
Ahb^  Hauy  found  the  mineralogical  nomenclature,  and  points 
oat  Che  accuracy  of  his  analytical  method.  Achard,  a  chemift 
St  Berlin  had  analyfed  the  chr)foIite,  and  publifhed  that  itconi 
tauned»  of  iUtx  15  parts,  alumina  64,  lime  17,  and  of  iron 
one.  This  ftartled  the  celebrated  Vauquelin,  who  had  feen 
Kbproth's  analyfis  of  tiie  chryfolite  (the  apatite  of  Werner) 
qonCaining  of  lime  55  parts,  and  of  phofphoric  acid  4$,  (prc- 
faibly  the  water  of  cryfiallization  is  added  to  the  acid.)  A; 
Frenchman  of  the  name  of  Launoy  fent  a  quantity  of  thisfub- 
fiance  to  Paris,  feme  of  it  was  purchafed  by  the  EcoU  det 
Mmeg,  and  Vauquelin  was  defired  to  analyfe  it.  The  latter 
boQ  fufpe^ed  Achard  had  been  milled  by  the  name,  and  had 
not  obtained  the  proper  fubfiance,  a  mifiake  the  more  eafily. 
Bsde  as,  fays  Vauquelin,  "  the  name  of  chryfolite  was  given 
to  a  great  variety  of  fiones,  fuch  ^  the  peridot,  the  chrj(fobcrii, 
tbe  divvit,  (fince  found  to  be  the  fame  as  the  peridot)^  and  in 
general  io  Jtonu  having  a  ^e^/ou;  colour,** 

He  foQH  difcovered  tiie  chryfolite  fent  from  Spain  contained 
lime  and  phofphoric  acid.  "  I  had  no  fooner  made  this  dif- 
covery,  fays  he,  than  I  enquired  of  Abb^  Hauy  whether  he 
had  compared  the  integrant  particles  of  the  chryfolite  with 
thofe  of  the  apatite  or  cryfiallized  phofphate  of  lime.  He  an- 
fwered  fne  that  he  had  not  made  tiie  coroparifon,  hut  that  he 
would  get  his  papers  on  primitive  forms,  (this  ws^s  four  years 
before  the  publication  of  his  work)  fee  what  notes  he  had 

t  Therefore  the  feftions  producing  (he  h^xahedral  prifm  cannot 
lead  to  tbe  integrant  particle :  therefore  all  feAions,  though  per* 
feftly  prafticable  in  cryftals,  will  not  Isad  to  the  integrant  particle. 

made 
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cly  compars    ^ 
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EtpiaiMOoncf  made  on  each  or  (hofc  fobflances,  ahd  !mmedialcly 
AckiaittiM  iliem  (ogeiher;  when  wiih  plearure  he  found  ilial  (here  \ 
cr;a-ti  bi  dw  ""'  ^^  '^^^  variation  between  lliem.  Thus  liad  ihe  Abb6 
mubodafHiaji.Haiiy  difcopered  by  thehelpofgeomeiry  alone,  tlial  which  was 
confirmed  bj  chemical  analyfis,  and  this  faiisfiftory  accord 
between  two  fctences  apparently  fo  dlftanl  Irum  each  other, 
while  fecurinff  each  oihers  liqn,  ferves  alTo  lo  Ihew  ihe  cer- 
tainly of  ihe  principles  on  which  they  are  grounded." 

Journal  den  Atina,  xxxvii.  page  21. 

A  morefingulai  anecdoie  is  what  look  place  wilh  reCpefl  to 

the  emerald  and   (he   beril.      Vauqiit^Iia   had   analyli'd    the 

rpnerald  of  Prerou,  and  read  ihe  refull  of  ili  at  a  filling  of 

the  Ecote  da  Minei,  which  i&  preferved  in  Ihe  Joartial,    No. 

'^abfXVIII.  page  96:  Jix.  of  filcx  61.,  of  alumina  29,  oxide 

pt  chroma  3,  of  lime  one,  and   of  volatile  fubftance  2;  I 

lave  neglefled  decimal.     Soon  after  he  difcovered  a  new 

Carlh,  which  he  called  IheGluclne,  and  gii'ej  the  following 

account  of  it  10  Ihe  Naiionallnftitiilc:  "The  Abb^  Hauy 

having  obferved  a  petfefl  conformity  belween  ihe  flrufliire, 

Ihe  hatdnef;,  and  (he  weight  of  ihe  beril  and  the  emerald, 

•rcffed  me  a  few  months  back  lo  make  an  aiialyfis  of  thefe 

pivro  fubflanccs,  to  know  whether  they  contained   ihe  fame 

irinciples,  and  in  fimilar  proportions.     In  ihe  refull,  the  facl 

hat  n ill  mod  inlereft  the  Infllluie  is  (he  difcovery  of  a  new 

P^lh,  &c.  &c."     Annala  de  Ckimie.  vol.  XXVI,  p.  |57. 

I  am  cerlain,  Sir,  that  il  will  give  you  no  lefs  pleafure  to 
\  Jeam  that  Vuuqiielin,  in  conferjuence  of  this  difcovcry,  made 
'-  #n  addiiion  tn  the  paiier  read  at  the  Ecvlri  da  Atinen,  beginning 
•■  Since  ihe  reading  of  the  above  pajier,  having  dif. 
,  covered  a  new  earth  in  ihe  beril,  and  as  this  tlonc,  according 
r  fo  Ihe  nbfcrvations  made  by  Hauy,  contained  fubftances  finii. 
F  Ikr  lo  the  emerald,  1  have  in  that  point  of  view  made  a  new 
P  Analyfis  of  lhi«  lailer  flone."  And  ihe  former  analylis  wai 
rfnimediuiely  correfled,  and  (he  29  paf(5  of  alumina  became 
t  te  parts  of  alumina  and  1 3  o/  «  mv  rarth.  I  hope.  Sir,  il  is  not 
t  Coo  much  (o  fay  that,  en  (his  occafion  a  new  carlh  was  dif- 
I  covered,  if  not  by,  at  leaft  in  confequence  of,  a  geometrical 
I  Walyfis. 

Bul  10  return  to  our  fubjefl,  the  Abb£  makes  a  difltnaion 
Setween  (he  inlegrtml  piirticU  and  the  priiiiilirt  form.  The 
former,  a»  I  have  faid,  is  (hat  tail  particle,  which  preferviitg 
an  exaA  proportion  of  the  component  parts,  conUins  the  leaft 


a 
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of  thofe  parts  ;   it  is  the  la  ft  term  of  mitieraJogical  Explanation  of 
aiialjr5%»     The' primitive  form*  on  the  contrary,  is  its  fird  re-  f^nuftion'of 
tak,  and  retaining  the  exadl  proportion  of  the  component  ayftahbrthc 
parts,  contains  the  greaieji  numUcr  of  thofe  parts.     It  is  eafy  n«hod  of  Hwy . 
lo  fee  that  in  the  cafe  above  mentioned  of  the  phofphate  of 
fine,  the  hexahedral  prifm  will  be  the  primitive  form,  pre- 
cifelj  for  the  reafons  adduced  to  (hew  tliat  it  is  not  the  in- 
tegrant particle.     Though  the  Abb^  does  not  decidedly  de-       i 
fine  the  integrant  particle  as  containing  the  fHinimuM  of  fpace 
aader  the  maximum  of  furface,  and  tiie  primitive  form  as  con*       ^ 
lainiiig  the  maximnm  of  fpace  under  the  miaimum  of  furfiure,*       / 
BevertiieleCs  he  makes  a  remark  that  authorifes  the  above  dc* 
ioitioat  (which.  Sir,  you  will  obferve  are  mine,  left  any  fiiult      \ 
he  found  with  them.)     He  lays  the  dodecahedron  with  rhom*      j 
boidal  fides,  which  is  the  primitive  form  of  the  garnet  (grenat) 
cootaint  the  maximum  of  fpace  under  the  tninimum  of  furface ; 
aad  if  it  be  cut  info  two  equal  and  (imihir  parts,  it  will  prefent 
the  Came  form  as  the  bottom  of  the  ceil  of  the  honey-combi 
which  hsa  the  fimtlar  property. 

An  oljeAion  might  be  taken  on  the  cuivre  ptfrileux^  and  the 
agkre  grii,  or  the  yellow  and  grey  «oppcr  ore  of  Kirwan,  the 
AbM  mentioning  the  regular  tetrahedron  as  their  primitive 
form,  and  not  the  oAaliedron  as  in  odier  cafes.  The  reafon 
may  be,  that  all  the  crydalline  forms  of  their  fubllances  which 
i»e  defcribes  are  flight  modi6ca(ions  of  the  regular  tetrahedron. 

**  The  primitive  forms  hitht*rto  obferved,  fays  the  Abh6 
Haay,  are  reduced  to  fix. — The  parallelipipedon,  the  ofia? 
hedron,  the  tetrahedron,  the  regular  hexahedral  prifm,  the 
dodecahedron  bounded  by  rhombs  all  equal  and  (imilar,  and 
the  dodecahedron  with  triangular  fidtrs,  formed  by  two  right 
pyramids  united  bafe  to  bafe." 

Healfo  makes  a  diflin^ion  between  integrant  particles  and 
pAjtroBivt  particUi;  thefe  latter  are  always  parallelipipedons. 
I  tball  fpeedily  mention  whence  they  derive  their  name.  They 
are  fofoftitateU  for  the  integrant  particle*,  to  facilitate  calcula- 
tionsy  and  it  is  worthy  of  obfervation  that  the  parallelipipedon 
caa  always  be  obtained  in  all  dilR'dlions  of  cryftais.  Thus  iar^ 
Sir,  I  have  ftated  the  firft  principles  of  mincralo^ical  analyfis ; 
1  fliall  now  proceed  to  the  fynthefls. 

(To  be  ponttaucd.) .  • " '  ■ 

^  The  inclinadon  of  the  intcrieAing  planes  being  the  fame. 

-  DfUjcription 


M 


rit-TKRiKa  MACHitrt. 


I 


Drjiriplion  t^f  a  Filteriag  Machine  inctnted  iy  Pyfrpr  Parrot 
vf  Paris,     In  a  Letter  from  a  CorreJpondnU. 


To  Mf.  NICHOLSON. 


SIR, 


l  ENCLOSE  you  a  drawing  of  a  fillering  machine  invpiiied 
by  I'rufelfor  Parrot,  of  Pari.':,  which  for  fimpliciiy  and  uti. 
liljf  feemi  fuperior  lo  any  other  I  have  met  with.  You  will 
perceive  that  tram  the  curvature  of  iu  form,  it  purifies  the 
water  bi>lh  by  defcentand  arceni,  and  it,  confequetiily,  aclofer 
imitation  ol  the  operations  of  nature  than  ihofe  iri  vihich  iha 
tt'aler  penetrntei  in  but  one  dir«ftion.  Among  the  advantages 
which  he  afciibes  to  it,  he  indanceii  the  "  prolongation  of  the 
flraliim  of  fand.  which  doe;  not  coDfiderably  diminilh  the  pro- 
duA  of  the  filtre,  but  contributes  remarkably  to  the  purity  of 
the  fluid,"  and  that  ''  the  difference  of  its  waier-lefd  has  an 
cITentliLl  indoence  on  the  quantity  of  purified  water  obtained 
in  a  given  time;"  he  Iherefore  recommendt  an  apparatus  of 
eigiitecn  inches  long  from  A  to  D,  two  inches  thick,  and  foiir 
bioad,  which,  he  f-iys.  will  yield  liic  (Pari']  pints  of  pure 
water  evefybour:  a  machine  of  ihi:  fize  requires  only  a  dif. 
fcrence  of  two  or  three  inches  in  the  height  of  the  water. 


Your  condanl  reader. 


London,  Augafi  20.  160-*. 


A.  A- 


De/a-iption  qf  tl^e  Madiiac. 
The  rcfervoir  G.  (Fig.  1, /"tot  IV.)  may  beof  any  form  or 
diraenlion  which  ii  convenient ;  the  principal  part  of  the  ma* 
chinery  conGflingof  a  fquarc  veifel  bent  in  the  form  of  an  in- 
verted fyphon.  The  curve  may  be  circular,  elliplic,  or  in  any 
other  i)iref\ion.  This  vclTcI  is  to  be  tilled  with  line  pure  f«nd 
to  nearly  the  height  of  the  dolled  linej-y,  which  denetet  the 
afceni  of  the  water  lo  D,  whence  jt  flovi"*  into  the  receiver. 
To  Ihc  part  marked  A  H,  which  mull  always  be  above  this 
line,  a  woollen  bag  is  attached,  open  at  the  lop  and  reaching 
lo  the  fand:  this  colIeAs  the  coarfetl  impurities,  and  prevents 
Ihe  fand  from  becoming  foul  for  a  longer  lime.     In  large  ma. 


dunes  a  water-tight  trap-^t  may  be  made  at  F,  (ot  the  pur- 
pofe  of  removing  the  fand  when  it  ii  overcharged  wiUi  impu- 
tilJef.  The  fmall  diameter  of  the  machine  I'ruin  whith  ihe 
drawing  vrat  uken,  was  eight  inchet  (torn  B  lo  E ;  the  per- 
pendicular height  Irom  C  to  A  B  was  eight  inches  and  ihree- 
Iburlhs,  and  from  C  to  D  four  inches  and  one-iMrdflh. 


Cantharidta. 

fCoacludcd  fraa 

XxE  alfti  proved  thai  ihe  b 


on   (Ac   I'irluet  tnd  PriwipUt 
ByH.  Beaufuu. 


fCoacludcd  rrsm  Ttps  71  of  Vol.  VUI.) 

1E  alfti  proved  thai  ihe  black  precipitate  eaQly  became  dry,  Eiperimtntt  lad 
brittle,  and  friable  in  (he  air ;  [hat  it  reddened  the  linflure  of  oWer"nonj  oa 
(urafole;  that  il  combined  very  readily  with  polalh,  difen- 
gagiflg  ammonia  [  ihal,  when  diilLJIed  by  an  open  fire,  it 
rnrelled  and  yielded  an  acid  iiqiior,  a  thick  oil,  and  carbonata 
;  and  ihn  il  left  a  dry,  fliining,  fiiable  coal  in  the 


proceeding  afierwardi  to  tlie  examination  of  the  yellow  nial. 
ter  remaining  in  folution  in  Ihe  alcohol,  Cit.  Beaupuil  infornii 
u*,  thai,  when  it  is  concenlraled  by  ihe  evaporalion  of  its 
folvenl,  it  retains  ihe  fame  odour  and  tlie  Ume  (a He  as  the 
extraA;  thai  it  i«  completely  dilTolvcil  in  waier,  and  reddeni 
Ihe  llni^ure  of  lurnfole  ;  Ihal  il  combine?  entirtlv  will)  polalh, 
without  any  difengagement  of  animonin;  and  Ihal  the  refullof 
this  ctioibination  it  an  homogeneous  and  glutinous  body,  foluble 
in  water  and  precipilable  by  a  weak  acid;  finally,  that,  dif- 
lilled  by  an  open  (ire,  il  fwells  very  little,  yield*  an'  jcid  lic{uor, 
s  black  and  fetid  oil,  and  carbonate  of  ammonia;  but  Ihal,  in 
general,  all  thefe  prnduA^  are  in  fmaller  quantity  than  in  thofe 
obtained  from  the  black  precipitate. 

Among  ihcfe  different  rufulli  Ihe  author  thought  il  necefTary 
la  direfl  his  attention  ino'cparticulaijy  lo  the  acid,  which,  as 
has  been  fcen,  manifells  itfelf  fo  readily  in  Ihe  infuGon  of  can- 
tharides,  or  in  the  extrad  which  they  aflurd. 

A(  6((l  be  was  of  opinion  Ihat  this  acid  wan  ai 


icgtf;  he  alfo  thought  that  its  esiflence  might  be 


iiri- 
buied 


(uilhvidci* 
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I  ind  bated  to  the  caRom  prevalent  with  (liofe  who  ctf\eA  ttie  can- 
°"  thirides,  of  expofing  them  to  the  vapour  oF  this  acid  ;  but  when 
he  found,  on  fiibj«£1ing  fome  of  ihefe  infe^^  which  had  been 
procured  without  ihe  affiflance  of  vinegar  to  experiment,  that 
ihey  were  Cmilar  to  Ihole  of  commerce,  he  was  obliged  to  re- 
nounce hit  Rrd  idea,  and  to  endeavour  to  afcerlain  the  nalure 
of  the  acid  Ihey  offered  him,  by  experiment.  It  appear;  that 
bis  endeavours  have,  in  this  inflance,  been  uvifuccefsful;  for 
he  linifhes  by  inferring  llial  his  progrefs  is  not  (utlicienliy  ad- 
vanced lo  determine  viith  certainty  ;  and  that,  although  the 
wid  in  (jueftion  has  fome  analogy  with  the  phofphoric,  he,  lie- 
verthelefii,  does  not  think  that  it  poireifcs  all  ili  properties,  and, 
confecjucntly,  is  of  opinion  il  ftiouM  be  conlJdered  af  a  peculiar 
fpecies,  until  new  eKperknent^  have  (hewn  that  to  which  it 
in  reality  belongs. 

The  tliird  produA  of  canlharides  called  by  Thouvenel  tnd 
by  Cit.  Beaupoil,  green  matter,  does  not  feem  to  esperience 
any  change  from  Ihe  air,  at  lead  in  its  phyfical  properties.  It 
is  infoluble  in  cold  waler ;  il  liquefies  in  warm  water,  floaling 
on  its  farface  hke  an  oil ;  alcohol  and  eiher  dllTolve  it,  and  its 
folution  in  thefe  two  mcndrua  isdecompofed  by  water.  Oxi- 
genaled  muriatic  acid  brought  into  contact  with  this  matter, 
and  renewed  from  time  to  time,  at  (irft  feems  not  to  have  any 
aflion  on  it,  but  at  length  fmalt  whitilh,  brilliant  particles  are 
detached  from  it,  which  full  to  the  bottom  of  the  vtlfcl :  in 
tefs  than  a  week  it  lufes  its  fmell  and  its  colour,  and  becocnei 
thick  and  glutinous ;  and  notwithdanding  repeated  wathing^  it 
conftanlly  retains  the  odour  of  the  oxigenaled  muriatic  acid. 

Diluted  nitric  acid,  afTifled  by  heat,  give*  it  a  ruddy  colour, 
a  rancid,  penetrating  odour,  and  alfo  a  conliderable  confif- 

Cauflic  fnda  combiner  with  it  without  the  aid  of  heat,  and 
without  a  difengagcment  of  ammonia.  The  produfl  of  this 
union  IS  decompofed  by  the  acids. 

Expofed  to  an  elevated  heal  it  fufes,  and  forms  a  liquid  of  an 
oily  appearance  and  Ibghtly  tranfparent,  which,  by  cooling, 
quickly  refumes  the  folid  flaie.  By  a  more  powerful  heat  it  is 
decompofed,  its  colour  changes,  a  yellowifh  oil,  very  analo- 
gous to  that  obtained  from  the  diflillalion  of  wax,  and  an  acid 
phlegm,  pafs  into  the  receivers,  but  not  an  atom  of  carbonate 
of  ammonia. 

With 
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m&  rel^fi  to  the  parenchyma  forming  the  refidue  oF  ihe^ytfipeayii 
Jiflere&l  macemtions,  isfafions,  and  decodions  in  water,  al-!^^^^,;}^^ 
cohot,  and  etber«  the  author,  after  having  afcertained  that 
Aefe  fluids  were  inetfpable  of  extradHng  any  thing  more, 
Created  it  with  cauftic  potalh,  which  immediately  caufed  a 
dilengagenedt  of  a  very  fenfible  ammoniacal  odour.  When 
fills  odoor  was  diffipated.  the  liquor  was  filtered,  and  inflantfy 
aixed  with  muriatic  acid:  the  mixture  became  turbid,  and 
gndoally  yielded  a  precipitate,  which,  dried  and  thrown  on 
bvming  coals,  exhaled  an  odour  fimilar  to  that  of  animal  mat- 
ters in  combuftion, 

Diftilled  in  a  retort,  this  parenchyma  yielded  phlegm,  a 
denfe  empyreumatic  oil,  and  a  coniiderable  quantity  of  car« 
bonate  of  ammonia.  The  refidue  of  the  diilillation  was  a 
Ipecies  of  coal,  from  which  a  white  afh  was  obtained  by  inci- 
BcnUioo  io  the  open  air,  in  which  were  found  carbonate  of 
lime,  calcareous  phofphate,  fulphate  and  muriate  of  limef  andf 
finally,  oxide  of  iron. 

Id  recapitulating  the  quantities  of  each  of  the  produds  ob- 
tained by  means  of  the  experiments  which  have  been  cited, 
the  author  aflferts  that  one  ounce  of  cantharides,  well  dried^ 
contains  nearly 

Black  matter  -  1  gros  2  grains ; 

Yellow  matter  -  1   —    2 

.   Green  matter  -  1^8 

Parenchyma  -  4  —  36 

Acid  -  •  An  indeterminate  quantity^ 

Calcareous  phofphate  12  grains ; 

Carbonate  of  lime    -  2 

Sulphate  and  muriate  of  lime  4 

Oxide  of  iron  -  2 

To  complete  the  work  which  Cit«  Beaupoil  had  undertaken, 
it  remained  for  him  to  determine  the  phyfiological  properties 
of  cantharides,  as  well  as  thofe  of  the  mod  etfential  of  their 
immediate  materials,  and  he  appears  to  have  executed  this 
with  fnocefs  in  the  fourth  part  of  his  diiTertalion.  Among 
other  things,  it  refuUs  from  the  different  experiments  which  be 
has  made  on  this  fubjedtf 

Iftt  That  cantharides  which  have  not  undergone  any  pre. 
paratioa,  elmoft  always  produce  dilagreeable  efieAs  when 

taken 
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aitaken  inlernallj'j  but  thai  (here  efl^fli,  wilh  rerped!  to  tlieir 
'  inteiiljly,  are  proporLionaic  lo  Lhe  age,  ibe  nreiigth,  and  lliQ 
connUmion  t^r  |he  aaJmals,  and  to  llie  dure  whidi  lias  been 
admimdered  to  ihem  :  That  the  cefophagus,  the  Domach,  and 
(he  fmaller  inleduieE,  are  Ilie  parts  vyhicli  iiri:  priiicipall]'  af- 
fefled  :  that  lliofe  aniniali  which  are  iiol  overcome  by  il,  ex- 
perience a  dcGre  lo  vumit,  veiy  coufidfrable  paips  and  va^j- 
vus  alfcclions,  which  Teem  plainly  to  indicale  that  the  parii 
which  have  been  touched  by  the  caiitharidet,  have  a  furt  of 
tendency  to  be  difurganizL-d. 

2d.  That  the  atfucous  e\tra^  ol'  cantliaride),  in  fmallei^ 
dofes  than  the  infects  ihcmfi^lves,  produces  nearly  the  fame 
elTefls  as  thej  do ;  and  alfo,  that  il»  aflion  on  ihe  urinary  paf- 
fages  la  very  marked. 

3i.  That  the  blact  matter  h  TOuch  lefs  afiivp  tlian  the  ex- 
Iraf^;  (hat  the  animals  to  which  it  has  been  given,  are  only 
alfecl'jd  by  gripings  and  vomitings,  and  very  rarely  are  killed 

b,  il. 

4{/t.  That  tiie  green  tnstter  giren  internally  does  not  appear 
Iq  liaye  dcletenuus  qualities,  lince  all  the  animal!^  lu  which 
even  llriing  dores  hail  been  adiiiiniRered,  did  nut  fwm  to  b^ 
alTeacd  uneal1t)>  by  if. 


5'/i.   That  Ihe  jelluw  m^l 


.Iter  Am 


not  ftcni  In  be  n 


e  than  the  green  mailer. 

6th.  That  the  exlrafl,  the  yellow  muller,  and  the  black 
matter,  applied  feparalcly  fo  the  fiirfoce  uf  the  biidy,  occa- 
Coned  vf  ticalion  in  nearly   [he  f-jme  fpace  of  time, 

~lh.  Thai  the  green  mailer,  applied  e)iternally,  does  not 
feem  to  afl  when  alone ;  but  thai  its  aclion  is  fpcedi'y  niaiii- 
fcHcd  when  il  is  dtvided  by  wbk,  ^i^d  by  that  means  receives 
thcconlilleticeul'a  cerate. 

I  mull  not  omit  to  mentitm,  that  Cit.  Beaupnil  wai  not 
falis^ed  with  esperiraenl^  made  on  animals,  but  had  the  cou- 
rage to  repaat  them  un  hrmrelf.  It  wat  Iruni  having  oblaincd 
the  information  he  fought  in  this  manner,  that  he  ronfidered 
hrmfelf  infilled  lo  conclude,  that  the  veftcating  property  refidcii 
particularly  in  the  c\lraflive  part  and  in  the  green  part  ul'lhe 
(-anlharides,  but  that  the  e^lra^ive  part  alone  a^i  on  the 
urinary  and  genital  fjHem. 

It  will  be  obvious  Irom  the  dctaih  1  have  givon,  that  Ihe 

Kutnor  has  carried  the  examination  of  vantluiridGg  briher  thaq 

Thcjuvencl. 
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Tboftvenel.     Bui  although  his  work  Si  greatly  cxf endec!,  il  Expenmenti  and 
mvtrthelefs  ii  not  yet  complete,  Hnce  much  remainc  to  be^j^j^i^ij^^ 
done,  particularly  with  refpedt  to  the  greert  matter ;  for  it  It 
difficult  to  conceive  how  it  (hould  have  no  action  on  the  animal 
economy  when  adminiftered  internally,  fince,  applied  extemally. 
It  produces  a  velicating  effed.    This  objedion  which  I  havo  • 
made  to  the  author,  the  importance  of  which  he  acknow* 
ledges,  will  doobtlefs  be  one  of  the  motives  which  will  de- 
termine him  to  renew  his  experiments  to  remove  doubts,  and 
to  (hew  m€>re  clearly  what  is  to  be  expefted  from  the  employ- 
ment of  the  different  parts  compo/ing  an  ingredient  from 
which  medicine  has  i^eived  fuch  great  benefits. 


Ejperimeatal  Dttcrmintuiom  qf  the  Latent  Ileal  qf  Spermaceti, 
B€a*  Wax,  Tin,  BiJ)nuth,  Lead,  Zinc,  and  Sulphur.  By 
Mr.  Wi LLiAM  I&viNE.     Communicated  hy  ilie  Aut/wr. 

Bedford  Street,  Aug,  24,  1804. 

IT  will  fcnrcely  be  denied  that  the  difcovery  of  the  exigence  Dlfcovery  of  u* 
of  latent  heat  in  all  fluid  and  vaporous  bodies,  is  one  of  the  g^^*^*^  ^^  ^* 
mod  curious  and  important  hitherto  developed  in  the  progrefs 
of  chemical  philofophy.  The  merit  of  firii  invedigating  this 
fubjeft  is  univerfally  attributed  to  the  celebrated  Black.  By 
a  few  (imple  and  clear  experiments  he  demonflrated^  that, 
before  any  portion  of  ice  can  become  water,  it  muft  receive 
or  abforb  as  much  heat  as  would  have  raifed  the  temperature 
of  an  equal  quantity  of  water  by  1 40^.  By  otiier  experiments, 
in  fome  of  which  Dr.  Black  was  aflified  by  my  father  and  Mr. 
Watt,  it  wa9  proved  in  a  manner  equally  fati^ifadory,  that 
water  cannot  be  converted  into  fteam  unlefs  it  admit  a  quan- 
tity of  heat  fufficient  to  have  heated  the  water  8  or  900**. 
Having  proceeded  fo  far  by  experiment.  Dr.  Black  made  a 
general  inference,  and  extended  his  theory  to  all  cafes  of  fudon 
and  vaporization  whatever. 

The  only  other  philofopher,  as  far  as  I  know,  who  has  Dr.  Iryittt*s  ex- 
attempted  to  determine  the  exaft  quantity  of  the  latent  heat  jn*™»"«|^o^  «*>• 
other  bodies  befides  water,  was  Dr.  Irvine.     Landriant  made  q^\^^  hiAxtM  bc- 

(ume'fi<^ts  waccr. 


J^  ON    LATENT     HEAT. 

fome  cxperimenls  to  prove  Ihai  (he  fluidily  of  alum,  fulplior, 
and  fomt;  metalt,  was  acctimpanied  with  an  abforplion  ut  latent 
heal ;   bul  1  believe  he  Trade  nu  allrmpts  lo  arcertBiii  the  pre- 
cife  qiianlily.     In  Dr.  Black's  Iciiures  we  are  in(ormed,  that 
SF«imaati_        Dr.  Irvine  (ound  ihe  laletit  heat  of  fpermaceti  lo  be  !«',  of 
jl|«|t-n",3o»"l>eci' wax  lo  be  173",  and  of  (in  lobe  jOO".     From  Ihe  very 
imperfe^  noief  which  I  poflefs  of  Ihe  melhod;  ufed  10  deler- 
minc  the  Iwo  furmer,  I  believe  that  ihe  11^3''  are  meatured  by 
,_  the  capacity  of  fluid  fpermaceti,  and  the  175"   by  thai  of  fiuid 

^  wax:   But  of  ihis  fuhjecl  I   will  late  another  opporlunily  lo 

^1  treat  more  amply.     I  am  perfefiiv  ignorant  ot  every  circum- 

,  fiance  regarding  the  talent  heal  of  lin  as  determined  by  tny 

father,  having  been  unable  lo  lind  any  nules  of  hi)  experi- 
ments for  determininj;  ibii  point. 
Etrcrmenti  During  the  courfc  of  the  prefeni  year  I  have  turned  my  at- 

Z!^J^  ■'"'  Iciilion  a  liitle  lo  this  fubjea,  I  mean  to  the  invefilgation  of 
Ihe  quantity  of  latent  heal  necelTary  for  the  fulion  of  various 
bodies.  I  was  perfuaded  that  an  addition  lo  our  knowledge  of 
latent  heat  would  at  leafl  incresfe  the  flore  of  faft",  and  might 
perhaps  give  rife  to  fome  improvement  or  correflion  of  theory, 
ThcicOch.  The  veiTels  which  I  employed  in  all  my  experiments  were 
Florence  (talks,  of  which  Uie  neck  was  cut  ofi'.  In  thefc  the 
water  roadeufe  of  was  contained,  and  the  vellel  was  fupported 
on  a  flighl  wooden  fland,  which  prefenled  a  very  fmalt  furlace 
to  abtlraf)  heat  from  the  materials.  The  orifice  at  the  fuperior 
part  of  the  vetTel,  was  in  general  not  more  than  fufficieni  lo 
permit  llic  ready  introdudiun  of  ihe  liuid  examined  ;  probably 
from  an  inch  and  a  quarter  in  diameter  lo  a  little  more,  fo  that 
a  very  fiuall  futface  of  the  water  was  expofed  to  the  air.  The 
weight  of  the  glals  was  in  alt  cafes  previoufly  alcertained. 
ThefecirctMnftancet  being  ptemifed.  I  procecled  as  follows; 
JlAfmiinitiaa  The  lirft  fubRance  which  I  fubmitted  to  examination  was 
°'"!l'.'i  w'*"V  bifmuih.     The  nieliing  point  of  ihis  melal  was,  bv  Ihe  Iher. 

Ol    fluid  DlUDU-n  "    *^  ' 

(onhcnuaiMt  momeier  which  I  ufed,  480°.  Thij  is  fo  near  the  point  lound 
of  dfgreti  by  n,y  father,  to  ivit  476°,  thai  I  lliall  confidcr  his  detcrniina- 

inj  (jouitity  of  I'Oi  *>  coned),  as  he  combined  and  compared  ihe  different 
biimaih  wouW,  wgjs  of  coiopulalion  and  obfervation,  and  I  know  the  ther- 
»'«EnufL'eon-  momeier  which  he  ufcd  lo  have  been  made  wilh  confiderable 


seiiUuo,  »L(euicare.     Into  a  glafs  velTel   which   weighed   411  grams,  I  put 

^tis:fz'''""'  8'""'  "f  '••'"■  -'  "■=  '™p='«i"e  "I  <ii--  1  'I-™  '=- 

hent'thihs       moved  t com  the  titeaiuantity.of  fluid  lvfuiult>-    I  >vaiied  tiJI 
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*7    " 

•(  n-M  ptn'\aiiy  teiid,  ot  which  (ime  I  interred  thai  both  lh«  Birmach,  on  thg 

foUd  and  AuiameUl  were  of  ilielemperaUircgf  470°.     I  n^xl?^"^^™^- 

poured  a  portion  of  the  Huid  bifmulh  into  the  water.     In  oneimo  wmr,  the 

minol*  the  (hermomeler  liood  al  Sd"  ;  in  two  minuies  at  85|  :^"J^'^'™' ^^J*- 

The  true  teniperalure  at  [he  moment  of  mix! uie  tvas  iherefore  being  iuunni{' 

Sfli.  fuppofing  equal  lemperaliires  lube  loll  in  equal  intervals.  J^'''«"™™«« 

There  was  aifo  a  quantity  of  (teaoi  formed.      I   weighed   Ihetikin, 

velTel  witli  its  canteno,  and  found  IhiiJ  it  had  gained  IjSd 

grains.      This  therefore   Diould  be  the  quantity  of  bifmuth 

puuxed  in,  if  (here  had  been  no  lofi.     But  on  drying  and 

wcigbing  tlie  metal,    it  appeared    to  amounl   only  (o   ]i5S 

gtlHot,  and  3%  giaini  confequently  were  loll.     The  bifmuth 

was  cooled  389;°,  the  water  wm  heated  2+i''-     Then  }o55 

grains  of  water  would  have  gained  3 1?.   Thele  3*',  meafured 

by  the  fpecilic  heal  of  bifmuih,  as  Haled  in  Thomfon's  Sjlleni 

of  Chemiftry  at  .012.  are  equal  to  b  lO^.S  :  fiul  the  bifmutli, 

»fi«r  becoming   folid,  lofl  369°. 73,  which  being  fubtra^ed 

from  SI 0.9,  there  remains -l^l^.L^.  whidicannol  be  account-lnfcrtnceoftfi  | 

cd  for  by  tlie  cooling  of  the  folid  bifmuth,  and  muft  liierefore  '"*"'  •*"'' 

be  the  whole  or  a  part  of  the  latent  heat  of  tlie  fufed  metal. 

Bat  ibe  latent  heal  muA  be  greater  than  thl«,  tor  41 1  grains  Correaion,  (^  \ 
ofglsft  werealfo  healed  2*". -23.  It  the  capacity  of  Ihiiglafs'^'  ""*"» 
betaken  at  .!T4-,  as  Kirwanlound  flini  glafs  to  have,  and  I 
have  found  green  bottle  glafs  lo  have  a  capacity  of  .173  by 
feveml  experiments,  whence  it  is  probable  that  the  glafi  of 
Florence  tlalki  has  ili  capacity  not  very  wide  of  tliefe  num- 
ben;  if  then  .174  betaken  as  (he  capacity  of  this  giaft,  thefe 
iH'*.25,  which  the  bifmuth  communicated  to  the  411  grains 
of  glafi  in  the  velfel,  sic,  when  meafured  by  the  capacity  of 
bifiDulh,  equal  to  9ti-'.4:  And  1^55  grains  of  glafi  would  Itat'e 
gained  23'.4.  which  mufl  be  added  lo  lai'.lS  a  if  end  j  found, 
and  taake*MG^.5S  for  ihe  latent  heal  o!  bifmuth. 

Bill  thin  i*  obvioufly  flill  tun  little  ;  for,  as  hai  been  already  vii  /a  <1»m 
mentioned,  ihcre  was  a  good  deal  of  fleam  formed.  Tiie P™'"'<*' 
■moctDl  of  the  heat  thus  lod  is  eMlremely  difhtult  lo  aOign.  I 
thall,  however,  make  an  aiteinpl  lo  guefs  Lit,  rallier  than  de- 
termine it.  All  ihc  31  grains  mull  not  be  reckoned  lo  have 
been  lofl  by  evaporation.  In  fpite  of  all  my  cffirli,  I  could 
perceive  that  fome,  though  cejtainly  a  fmall  quantity  of  bif. 
muih  went  otf  with  the  water,  in  form  of  a  number  "(  fmall 
it  Boating  in  Ihe  liquid  :  and  puthap:  alfo  a  fmall  por- 


tion  oF  water  mighl  be  wafted  during  (be  praeefs;  If  we  alloi^ 
a  half  of  all  Ibe  lofs  to  be  accounted  for  in  thefe  ways,  there 
reniain  fixleen  grain?  of  water  whit-b  have  been  converted 
inio  tlrdtn.  The  lalent  heat  of  fteam  was  computed,  by  Mr, 
Watt,  to  be  cf|ual  (o  9-W :  Bui  Ihi^  llcam  cannot  be  allowed 
fo  much  heal  ai  this ;  and  though  it  may  be  difficult  (o  point 
llie  quantity  to  be  fairly  fjranled,  yt-t  I  ftiaiJexpefl  lo  bewitb- 
inbound*  when  I  eiJimale  ital  one  halfof  gwc,  or  470".  In 
lliit  cafe  wc  fay,  llj  grain)  of  walei  have  been  healeil  +70°  J 
fixtccn  grains  of  bifmolh  woold  be  heated  by  the  fame  quan- 
tity of  caloric.  tIT90''.4;  and  I5j5  g'aini-{- J6  grains  fup- 
pofed  lo  have  gime  off  with  the  water,  —  1571  grains  of  bif- 
mulh,  would  be  heated  1 1  a'.O.  Tliis  quanlity  of  heal,  there- 
"  fore,  ought  to  be  added  lo  the  44£*.5J  already  found,  and 
would  amount,  in  all,   to  JtiO.'Vd  lalent  heat  of  bifmuth. 

I  am  fenCblelhat  ihereare  fevcral  graluitfius  fuppofitions  in 
Ihii  laf)  part  of  the  real'uning,  and  I  do  not  therefore  lay  much 
flreff  on  il,  I  endeavoured  lo  confirm  or  refule  the  truth  of 
llie  indnflion',  by  making  an  experiment  exaflly  on  the  fame 
principle*,  but  where,  by  dexter iiy,  I  might  prevent  the  for. 
mationofllenm  wholly  or  in  pari.  In  one  tnflancel  fucceeded 
tolerably  well,  and  then  the  latent  heat,  with  every  correc-' 
tion,  amounted  io  neatly  600°. 

I  repealed  ihefe  expeirmenls  for  determining  the  lalenl  heat 
of  bifmnth  maiiy  limes,  and  the  refull  is  exprelTed  in  the 
fdlowing 


Nj.  of  Ex. 

firfl  Comjiua- 
ciou. 

CnntSioB  for 
the  Hut   te- 

cc!ic<ji>rGiiri. 

Whole  Litut 
Hue 

2 

3 

5 
6 

7 

457 
411 
412 
4S5 
♦80 
43S 
46i 

23 
29 
28 
33 
29 
27 
30 

4S0 
4+0 

49a 

509 
465 

+S5 

Mc4n 

♦♦(;.8 

475 
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Oil  die  whole,  Itftrofore,  it  tpp^^  (bat  we'ihaff  nof  excasd  Mean  refute 
the  tfiith  «hea  we  efituuUe  the  latent  heai  of  b»raioth  ei  550^.  ^^^''i^^)^ 
'g  in  Hke  maimer,  Mo  expertmeAN  t6  afcertain  the  muth. 


I^lcbt  heat  of  (in,  ancTof  Ihefe  thie  refults  were—* 


Espc 
1 

2 

520 

495 

Experiiaeiiti  oe 

tin. 

Lattfitbtal 


TUt  fgrpes  remarkably  well  with  the  determioatioa  of  this  l4Aent  heat  oC 
pointy   faid  to  have  been  made  by  my  fj|ither«  Jn  Black'a"'*^^^  * 

Z&oc  it  compated,  bv  Bergman,  to  melt  at  700^,  of  Fabren* 
I  heit^  tho^ometer.  Taking  that  for  granted^  I  n^ade  three 
I  yeKpcriments  on  the  latent  heat  of  zinc«  in  a  6inilar  way  with 
(jhat  miready  rekUed  with  Jt^ifmuth.     l*he  refults  were  as 


Mean 


Latent  Heat  Vy  firft 
Goinpatatioiu ' 


490 

476 
443 


469 


Goneaed. 


38 
22 
S2 


WhDklMH. 


518 
475 


493 


In  thefe  experiments  no  allowance  is  made  for  lofs  by  fieam»  Latent  heat  of 
which,  however,  by  the  dexterity  acquired  by  practice,  I  was        ^  ' 
enabled  to  render  very  fmal). 

Lead  I  found  to  melt  at  a  point  above  584°«  Owing  to  the 
ibortne6  of  the  thermoroetric  fcale,  I  could  cbferve  no  higher. 
I  fappofc  therefore  that  594^,  as  found  by  Dr.  Irvine,  cannot 
be  materially  didant  from  the  truth.  AlTuming  it  as  true,  I 
proceeded  to  make  feveral  experiments  on  the  latent  heat  of 
lead.  In  doing  this  I  was  led  immediately  to  notice,  that 
melted  lead  does  not  by  any  means  produce  fo  much  fleam  aa 
other  metals  do  when  poured  into  water,  even  under  the  moft 
carelefs  management ;  and  of  this  the  reafon  will  appear  from 
.the  following  table : 
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LATSKT   HEAT. 

n  tht  Latent  Heat  qf  lead. 


Ho. 

LitCDt  Hoc 

torrefted- 

Whole  Ulcnc  Heat.  [ 

1 

\-2T.S 

11". 

i3aM 
isa^.s 

3 
* 
5 

161.8 
131.3 

Menn 

142.7 

Mean 

us'-.g 

In  thefc  experlmenls  I  bavc,  by  accident,  loli  ihe  notes  of 
tbe  deierminatlon  of  the  welglil  <if  ihe  veirel  eitiplojed  in  all 
but  the  two  fill)  inHancet:  notwiiliDiinding  whicli  it  may  be 
fcifljr  inferred,  Ihal  the  mean  laicnl  heat  of  lead  is  about  1 50", 
a  quantity  certainly  unespeticdly  fmall,  and  which,  in  many 
more  experiments  than  ihefe  related,  I  was  at  pains  to  exa- 
mine, without  being  able  (o  difcover  any  material  inaccuracy. 
In  the  fecond  experiment,  Mhere  a  little  lleam  was  formed,  I 
■fce^tait^ed  the  lofs  to  be  four  grains.  If  (hefe  four  grains  bo 
fuppofed,  as  in  the  cafe  of  bifmuth,  to  contain  470"  of  heal, 
tlie  computed  addition  lo  the  latent  heat  of  lead  will  be  aO^.S. 
making  in  all  a  little  more  than  162".  This  is  eerlainiy  a  very 
peculiar  and  unexpcfled  quality  ol  this  metal. 
Eipcrlnunts  ftn  The  only  other  fubflance  which  I  have  (ubmitled  to  exa- 
tu'p'""'  mination  (or  the  purpofe  of  afcerlaining  its  caloric  of  fluidity, 

is  fulphur.  The  melting  point  of  fulphur  is  commonly  Dated, 
in  elemenlary  works,  (o  be  at  212"  :  But  that  this  is  not  accu- 
rate any  one  may  convince  himfelf,  by  immerfing  a  quantity 
of  fulphur  in  boiling  water,  where  it  remains  allogeiher  unal- 
tered.  By  every  trial  which  I  hai-e  been  able  to  make,  I 
am  convinced  that  Ihe  fufion  of  fulphur  lakes  place  about  tlie 
tempcrnture  of  226".  I  fay  abuul,  bccaufe  the  communica- 
tion of  heat  among  the  particles  of  fulphur  U  very  How,  and 
the  thermometer  is  often  encruflcd  with  folid  fulpimr,  which, 
foroe  how  or  other,  certainly  cools  below  the  liquid  in  whicb 
it  is  immerfed.  In  experiments  for  areeriaining  this  point, 
the  thermometer  ought  to  be  kept  in  confiant  motion.  Tbe 
refults  of  ray  experiments  for  finding  the  latent  heat  of  fulphur^ 
%tc  fiated  in  the  follon'inj'  table. 


EipcriHKntt 
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Esperimenti  to  afixrtain  the  LaiaU  Heat  qfSu^ur. 


No. 

Latent  HcaU 

Correded. 

Whole  Latent  Heat. 

1 
2 
3 

4 

I44*>.56 
131® 
140® 
136^ 

8®. 
7®. 
4®.5 

152®.56 
138®. 
140®.  5 

Mean 

137^.89 

Mean 

143®.68 

51 


Latent  heat  of 
fulphttr  I43i% 


In  thefe  experiments  I  have  fuppofedf  from  experiments  of 
my  ofni>  tiie  capacity  of  falphur  to  be  •189«  whidi  does  not 
nateiially  difier  from  Mr.  Kirwan's  determination.  In  the 
other  cafes  I  have  trufied  chiefly  to  the  numbers  given  in 
TiKnnfon's  Chemiflry»  though  thefe  are  not  always  wholly 
■Kxceptionable.  In  every  inftance  I  have  fnppofed  the  femi- 
liquid  to  liave  the  temperature  of  the  melting  point,  which  I 
believe  is  generally  true ;  but  fome  pradlice  is  required  to  feize 
Ibe  moment  before  the  frozen  particles  float  in  the  fluid  fub* 
flnp^  In  experiments  on  fulphur  efpecially,  inattention  to 
this  cifcumflance  caufes  very  great  inaccuracy,  and  was  the 
ctnfe  of  confiderable  embarraflinent  to  me  before  I  obferved 
By  error. 

A  comparative  table  follows  of  the  caloric  of  fluidity  of  all 
labftances  hitherto  examined : 


Melting  Point. 

Latent  Heat. 

Ditto  in  Degreef 
meafured  by  Ca- 
pacity of  Water. 

Ice 

32® 

155®.555 

140® 

Spermaceti 
Bees' Wax 

113® 
142® 

145^ 
175<» 

Tin 

442® 

500® 

33® 

Bifmuth 

4760 

550« 

23^.65 

Lead 

594* 

1620 

5®.604 

Zinc 

700® 

4930 

48<>.3. 

Sulphur 

226® 

M.3®.68 

27**.  145 

Table  of  li  tent 
heats. 


In  all  thefe  inftances  the  latent  heat  is  exprefled  in  degrees  Genfral  re^ 
meafnred  by  the  capacity  of  the  relative  folid,  excepting  in  ^arks. 
the  cafes  of  fpermaceti  and  beeV  wax,  which  are  in  degrees 
meafured  by  the  capacity  of  the  fluid.     I  endeavoured  to  rec- 
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iify  Ihii  To  u  lo  iDBlte  the  compaTiron  mote  Mr,  by  det^rmq 
ing  ihe  rpecitic  heat  of  folid  was  and  fpcrmaceti ;  but  I  h 

not  been  able  to  falisry  myrdf  wilh  either  of  ihefe  poinU,  \ 

owing  lo  ihe  foftnefi  and  confequcnl  abrorplion  of  ialent  heat,  ■ 

which  a  very  low  degree  of  heal  induces  in  both  tbefe  bodiea,  ■ 

The  number*  exprelling  their  latent  heals  are  therefore  too  ■ 

low.     On  infpeClion  of  ihe  above  lab!e,  there  doe*  not  sppesr  ' 

any  ratio  by  which  the  quantity  of  Ihe  caloric  of  fluidily  feem«  ■ 

to  be  guided  ;  it  certainly  does  nol  increafe  with  ihe  diRiculiy  I 

of  fuCon,  but  moll  probably  has  fome  connexion  wilh  the  re-  1 

Utive  capacity  of  each  body  in  its  folid  and  ftnid  Dale.    The  < 

determination,  however,  of  the  capacity  of  any  of  the  melali  ' 
in  a  fluid  form,  excepting  mercury,  muft  be  regarded  as  sn 
extremely  difficult  talk. 


XI. 

SlriSura  on  Mr.  Da  iton'»  LMtrine  qf  Mixtd  Gafa,  ani  an 
Anfiser  to  Mr.  HeNav's  tkfence  (ff'  Ike  Jhmt.  In  «  Wl«r 
frotK  Mr.  John  Gougk. 

To  Mr.  NICHOLSON. 
StR, 

t  1  H  ^  V  E  ventured  to  defend  the  chemical  unionof  water  and  air„ 
as  well  as  Ihehomogenityof  thcattnorphcricalgai.  Mylliougbls 
on  Ihefe  fubje^  arc  briefly  flalud  in  your  Journal  *  ;  and  the 
farther  profecu  I  ion  of  the  enquiry  cocnpcisnic  to  make  an  open 
attack  on  my  friend  Mr.  Dalton,  and  hii  new  convert,  Mr. 
Henry.  The  difpule  fliall  be  iairly  coudufled  on  my  part  ; 
that  is,  il  fhali  cnnfid  of  arguments  which  I  am  ready  to  aban- 
don ai  foon  as  they  are  refilled  j  this  promifc  is  due  to  friend- 
fhip,  as  well  as  the  obligations  of  truth. 
Da'ton'i  ihfpa-  The  firft  thing  to  be  afcertained  is  ibc  proper  appellation  of 
iheBi  not »  cht- Mr.  Dall on "s  opinions.  His  doclrine  of  iiii>:edgarcs  isofferejl 
lo  ihe  public  ai  a  mechanical  theory,  founfted  on  chemical 
fa£U;  a  iilde  attention,  however,  to  Mr.  Dalton's  cliayi,  will 
deprive  il  of  all  claim  to  the  title  of  a  theory.  This  is  evident 
from  the  nature  of  the  mechanical  philofophy ;  every  branch 


k 
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ofwIucbadisiUof  amilhematicnl  dem  on  (i  ration,  dc  rived  from 
Newlw'i  delimlions  and  law;  of  motiun :  but  Mr.  Dillon  has 
not  adempfed  to  give  Jisbilily  lu  his  new  ideai,  by  the  aid  of 
tlie  mathematics ;  on  which  account  tUe  only  appellat 
to  liii  doSrine,  ii  that  of  a  hypoUiefis. 

No  philofuplier  ought  to  diftegard  the  meani  which  BrcTbrhjrpMhedi 
abk  to  confirm  his  opinioni.  becaufe  thefe  meani  may  be  found.  ■""  """^'"J- 
upon  trial,  to  fubverl  lliem.  Tliii  I  believe  to  be  the  cafe  with 
ny  fiietid's  hypolheljsi  fori  have  endeavoured  to  (liew  ihe 
UUcf  of  it.  by  mathematical  ar|;umenti.  The  reluil  of  thii 
Utenpt  trill  in  all  probability  appear  in  the  next  volume  of  tha 
UancbeQer  Menioiri ;  wiien  the  merits  of  the  clTay  will  be  dc- 
Urained  by  geometriciani',  who  are  ihe  proper  Judges  of  fuch 
produSions.  This  want  of  geometrical  demo nfl ration  efcapet 
tiieootke  of  Ihe  cheroiO,  becaufe  my  Iriend  has  feemingly  fup- 
plied  tlte  deficiency  by  a  number  of  probabilities  of  an  cxpc- 
luaental  nature  ;  but  it  it  slmoU  fupertluous  to  remind  eilhei 
him  or  your  readers,  that  a  myriad  of  fuch  proofs  cannot  uphold 
»4odrine  which  is  repugnant  to  the  mechanical  philofophy. 

The  Iwo  leading  laaxiais  which  ace  derived  from  thefe  proba.Conclnli.'n 
bililiei,  and  form  tjie  ba(i«  of  the  hypothelis,  are  thus  '"''^flj'k^yi'riu  *"*" 
enpreOedby  Mr.  Henry  :  *'  mixed  gafej  neither  ait  rsQ  nor  repel 
tacj)  other,  and  every  ga^  is  at  a  vacuum  to  every  other  gai*", 
Mr.  Daltont  reafoning  from  tliefe  premifet,  furrounds  our 
gkbe  with  aa  Independent  almofphere  of  vapour,  the  prelTure 
of  Khicb  preferrcs  all  the  water  on  the  earth's  furface  in  a 
liqiiid  Aale,  and  prevents  the  ocean  itfelf  from  efcaping  through 
Uw  air.  by  virtue  of  its  own  elaUic  force ;  at  leaft  the  lad  it  a 
Ut  inference  from  his  own  conclufioni. 

AUhoogh  1  have  demonllraled  the  exillence  of  an  a( mo- Dilion'i  kiIw- 
fphete  of  vapour  to  be  a  mechanical  impoffibility,  in  the  eiray'"8">""P'*'*i 
mcntiotied  above,  the  reality  ol'  the  tiling  fliall  be  fuppofed  at 
pfefent,  for  the  purpofe  of  deleting  the  fallacy  of  Ihe  du^rine  "^ 

is  Ihe  bodamenlaJ  maxims  of  it.  The  truth  is,  Mr.  Dalton 
1m«  dtfcontinued  his  train  of  reafuniiig  loo  foon  ;  for,  bad  liii 
UgttmeiHs  been  puifued  to  their  proper  limits,  they  would 
have  difcovered  the  incompatibility  of  the  hypotheGs  and  na- 
tural appearanoei.  This  omtlSon  is  ealily  fupplied,  and  will 
be  at  eslily  comprehended,  by  a  perfon  who  underRandi  the 
h|w!  of  hydroftatici. 

•  Phil.  Jouro.  Vol.  Vm.  PageS98. 
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A  fecund  pir-       IF  a  particle  of  vapour  can  pafs  freely  ihrough  the  air,  a  fe- 
title  majf  foiiQW  g,n,j  ^^^  ^^f^  fuccced  it  at  any  given  diflatice ;  becaufe  the 
latter  may  uiidnubledly  purfue  tlie  track  which  the  former  ha> 
nircady  iravcrfed  ;  confequenlly,  a  fcries  of  fuch  particles,  pof- 
felling  the  denfiiy  of  water,  might  be  raifed  into  each  perpen- 
dicular pore  of  the  almofphere,  by  the  application  of  a  proper 
Air  rTclT<i  upon  force  to  tJie  furfact  of  a  collcflion  of  water  fiipporting  fuch  an 
'  '•  aim  of  pile  re.     Now  Ihe  esiflence  of  fuch  a  force  is  certain  ; 

bccaufe  when  air  is  iiijefled  into  cither  Ji'g  of  an  inverted 
fyphon  comaining  water,  it  conllanlly  difliirbs  the  equilibrium 
til'  this  fluid ;  that  is  (he  gas  prclTei  upon  the  liquid,  nat\viih' 
landing  the  fuppoliiion,  that  the  former  is  a  vacuum  to  t lie 
■  pfiforitcd  particles  conDiiuling  the  latter.  If  now  we  combine  the  pof- 
lulates  of  Ihe  hyputhelis  with  the  preceding  liifl,  a  column  of 
air,  whicb  occupies  Ihe  upper  pari  of  a  vefiel  containing  water 
in  its  bottom,  becomes  a  heavy  pilton,  having  its  fiibflance 
pcrluraled  in  every  direflion  by  poces  of  eafy  tranfmiflion, 
which  are,  at  the  fame  time,  ieparated  by  partitions  imper. 
vioiis  lo  water.  Afier  contemplating  ibis  imaginary  ItruCture 
of  the  atmofpherical  gas,  let  Ihe  reader  invelligale  the  confe- 
Qiquences  of  it,  and  compare  them  with  natural  events.  The 
impenetrable  parli  of  the  gafeous  pillon  would  compel  ihe 
water  to  afcend  along  its  perpendicular  pores;  in  which  it 
would  be  kept  duly  condcnfed  by  the  prelfurc  of  the  incum- 
bent vapour.  Thefpecllic  gravity  of  this  column,  compound, 
ed  of  air  and  waler,  would  exceed  thai  of  the  external  air  ; 
conCetiuenlly  the  upper  extremity  of  it  would  conllanlly  glide 
over  tha  edges  of  the  veflel  into  the  atmofphere.  Thus  ihere 
would  happen  a  double  lofs  of  water,  namely,  by  evaporation 
and  percolation:  but  nothing  of  the  kind  is  oblbrvable  in  na- 
(urtj;  confequenlly  llie  air  is  impenetrable  lo  the  conflituent 
panicles  of  water  nut  healed  to  the  boding  point. 
Iiiip*wi"blllrj  The  circumfianie  of  waler  not  being  able  lo  penetrate  sir  at 
no  obflicle  lo  low  temperatures,  is  no  obdatle  lo  ihe  chemical  union  of  the 
Oiemic  unio  ■  [^^,„  fubflances ;  for  many  aqueous  foluliona  of  feltj  occupy 
lefs  fpace,  when  completed,  than  the  materials  formerly  did 

L Ont|«nou     of  Vfhich  Ihey  are  compofed.     This  fadl  has   been   eflablilhed 

^^^    VKuumtaia-     by  llie  prefeul  Billiop  of  Llandaff;   and  it  proves  that  bodies, 
^^H  which  are  roulually  impenetrable,  may  be  fufceptible  of  tbc 

^^^ft  bond  of  chemical  alEniiy. 

^^B  After 


t 
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After  all  that  has  been  faid  about  the  conftitution  of  gafof^ 
Ihe  notion  it  incorredt,  ftridly  fpeaking,  which  fuppofes  each 
fu  to  be  as  a  vacoam  to  every  other.  The  foregoing  obferva* 
tioQ  may  alio  be  extended  to  roixtares  of  carbonic  acid  gas 
with  water;  and  the  following  inflances  may  be  adduced  in 
confirmation  of  the.propofition :  When  a  particular  gas  is  de-  Proved  by  tifc* 
vdoped  in  a  TeiTel  containing  common  air,  the  firft  portion  "■•■*• 
that  comes  over  has  in  it  lefs  of  the  fpecific  gas  than  the  fe* 
cood ;  nor  is  the  fecond  equal  to  the  third  in  purity.  This 
drcumftance  fhews,  that  the  new-formed  gas  does  not  find  a 
vacoam  in  the  air  of  the  veflel ;  on  the  contrary,  the  two 
floids  produce  a  mechanical  mixture,  which  is  gradually  ex« 
pelledf  nntil  no  part  of  the  air  remains  in  the  tube  or  bottle. 
In  like  manner,  if  a  bottle  of  highly  aerated  water  be  opened 
ioddenly,  the  rapid  expanOon  of  the  liberated  gas  cje^s  a 
great  part  of  the  contents,  thereby  proving  that  water  Oppofes 
an  obfiacle  to  the  dilatation  of  this  gas.  In  reality,  Mr.  Dalton 
aflows  one  gas  to  be  an  impediment  to  the  motions  of  another; 
bat  at  the  Gime  time  he  maintains,  that  two  fuch  fluids  finally 
overcome  their  mutual  obfir unions,  and  occupy  the  fame 
fpace  in  a  flate  of  perfedl  independence.  This  is  a  propofi* 
tion  which  may  be  juflly  fufpeded  of  being  a  folecifm  in  pneu* 
Biatics,  until  the  author  of  it  has  proved  the  contrary  by  a  ri- 
gorous demon  Rration. 

Amongft  the  many  probabilities  which  have  been  offered  in  A  new  theory  •£ 
fupport  of  the  hypothefis,  perhaps  none  are  more  ingenious  J^^^**  "** 
than  the  remarks  of  Mr.  Henry  ;  and  the  part  which  I  have 
taken  in  the  prefent  letter,  obliges  me  to  place  them  in  a  new 
light.  This  attempt  mufl,  however,  be  preceded  by  a  theory, 
which  will  explain  the  relations  of  thofe  gafes  that  neither 
attrad  nor  repel  each  other :  fuch  an  explanation  became  a 
neceflary  part  of  pneumatics,  from  the  time  when  Dr.  Prieflley 
laade  his  experiments  upon  mixtures  of  this  defcription.  The 
ibilowing,  then,  is  a  (ketch  of  a  theory,  having  for  its  founda- 
tion s  the  mutual  repulfion  of  homogeneous  particles,  and  the 
reciprocal  refiflance  which  gafes  have  been  (hewn  to  poffefs. 

When  two  fuch  gafes  come  into  contadt,  parcels  of  each  Sketch  of  the  ] 
will  be  detached  by  every  flight  force,  and  enveloped  in  the***^*"T« 
fubftance  of  the  other.    In  this  manner,  the  two  fluids  will  be 
))Coi;en  to  pieces,  and  blended  in  one  (nafs  forming  a  mecha- 
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^^H  nic*!  niiKtun;  the  componaiil  par(<  of  whlcii  ctnnot  be  fe< 

^^^P  parated  without  Ine  inlcii'eiilioii  of  chemical  a^rents,  bccaule 

the  disjoined  frsgmenti  of  each  gai  will  be  pfevciiled  from  n- 
Jiaptuwtoiheuniting  by  their  miilual  repullion.  There  is  one  exception, 
"^  bowevcr,  to  ihe  general  rule ;  for  w  hen  a  liquid  is  found  in  ■ 

nixlure,  the  component  parls  will  follow  the  law  of  iheir 
fpecitk  graviliet ;  becaufe  an  inelaftic  Quid  h  not  afluiled  by 
an  intrinfic  repullion,  in  all  oiht* r  cafes  the  K^t^ous  fragmenli 
^^H  willconliniietobe  larlherand  farther  fubdivirled,  and  willcnn- 

^^^H  flantly  aflumea  new  arrangement  from  ilie  flighefl  Bti(itaticin$. 

^^^H  The  conAituent  parts  o I  fuch  a  tnlxlure  evert  Iheir  tixce  in 

^^"  |«erlc£l  union  i  and  lliis  cjrcumflance  difiinpiifhes  it  from  Mr. 

DaUion's  crnnjiound,  the  conflilnent  gafei  of  which  prefs  fe- 
parately  upon  all  furfaccE. 
ThcttKorfip'       The  necefTiry  premifes  being  now  fettled,  il  in  time  to  Irf 
riied  to  Ml.    _   ^^^f,  powers  of  the  theory  upon  Mr.  Henry's  exp^rimi^nlt.      If, 
lOBiiM,  then,  ten  meafurea  of  waler,  coniaining  an  eqiiat  bulk  of  car- 

bonic acid  gas,  be  prelfed  by  a  cottimn  of  the  fame  gas,  equi- 
IValent  in  force  lo  30  inches  of  mercury,  Ihe  Date  of  tlie  aque- 
OOi  compound  will  remain  invariable  ;  becaufe  Ihe  fpring  of 
the  gas  in  the  water  appeare,  by  Mr.  Henry'a  experiments,  to 
be  equal  to  the  fpring  of  the  incumbent  gas :  therefore,  Hiould 
B  galeuui  pariicte  happen  to  efcape  from  the  compound,  an 
equal  panicle,  fiom  the  up|jer  pari  of  the  vetl'd,  will  replace 
it  immediately.  Bui  if  [he  incumbcirt  carbonic  acid  be  made 
togiveplaccloa  mafi  of  common  air  of  the  faine«'l»fiic  forte, 
the  furlace  pf  the  aqueous  conipounil  will  undergo  no  ctiange 
of  preffure ;  but  (lie  gaieoos  part  of  il,  meeting  with  no  repul- 
fton  from  the  column  of  air,  will  begin  to  form  a  mechanical 
tiriKture  with  it,  accordmg  to  the  theory.  The  parcels  of  the 
carbonic  acid  will  bKo  remain  dillinS,  according  to  tlie  fame, 
after  iheii  efcape  from  the  waler ;  and  as  a  number  of  tliem 
will  be  arranged  on  the  furlace  dividing  the  two  mediumj, 
Ihey  will  fof  m  fo  many  obflacles  to  the  difcharge  of  their  kin- 
dred gas;  the  egrefs  of  which  will  be  con  lined  to  Ihe  inter, 
mediate  compartments  of  eafier  tranfmiliion  confiflingof  com- 
njon  air.  The  divilion  of  the  furface  between  the  two  medi- 
ums, into  compariroents  of  eafy  iranfmiHion  and  impene. 
trabte  points,  aliimalely  produces  a  fort  of  equilibrium,  which 
mtligne  their  refpeflive  portions  of  the  elaliic  acid,  lo  the  gafe- 
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oos  CMApoondfl.  The  origin  of  this  equilibrium  ii  tafiljr  cot> 
le6Ud  from  the  preceding  theory  4ind  the  laws  of  pneumatics. 
For  the  globules  of  carbonic  acid^  contained  in  the  gafeoot 
eonpoond,  invariably  exert  the  force  of  50  inches  oF  merturyr 
they  therefore  prove  too  powerful  for  the  rarefied  gas  of  the 
wmter,  which  they  comprefs,  and  in6nuate  part  of  their  own 
fbbftances  into  the  fluid.  Whild  this  operation  is  going  xm  at 
iBnomerable  points  in  the  itxrhct,  portions  of  the  fame  gai 
are  ooofiantly  forced  through  the  compartments  of  eafy  tran£i 
suAon»  bjr  Ibe  flighted  agitations.  Now  the  quantity  of  gaa 
is  discharged  into  tbe  air  of  the  jar^  is  greateft  at  firi^ 
QGO^inually  diminilhes ;  on  the  contrary^  the  quantity  tbat 
ia  fiKoed  into  the  water  through  the  former  pai&iges,  is  Icaft  at 
firfl,  and  increafes  afterwards  %  confequently  the  two  quantities 
ultiBMUely  become  equal,  and  eilabliOi  tbe  equilibrium  in  queC* . 
tioo,  by  tbe  contrariety  of  their  effeds. 

•  Tbe  preceding  is  a  general  propoiition,  which  explains  a  Coodolbig  8t« 
variety  of  appearances,  fuch  as  Mr.  Henry  has  defcribed,  by 
by  tbe  well  known  principles  of  mechanics.  Should  tbe  coo* 
fideratioa  of  it  be  attended  with  convidion  on  his  part,  he 
perhaps  will  give  a  new  turn  to  his  experimental  enqairiei^ 
and  endeavour  to  difcover  the  law  of  affinity,  which  connefia 
water  with  the  diflTerent  gafes.  It  is  almofi  certain,  that  this 
law4S  not  the  &me  in  all  cafes,  as  will  be  feen  by  compariiy 
the  experiments  of  M.  la  Sauflure  on  the  folution  of  water  in 
common  air,  with  Mr.  Kirwan's  obfervations  on  the  folvent 
powers  of  hidrogen ;  which  may  be  found  at  page  14  of  the 
firfi  edition  of  his  Elfay  on  Phlogiflon. 

JOHN  GOUGH. 
Middkjhaw,  Aug.  23,  180i. 

P.  S.  The  following  error  requires  corredion :  In  Vol,  VIII. 
page  244,  line  21,  before  the  words,  as  qft  a$  water,  read 
Sktrrfore,  and  ftrike  out  the  (iame  coqjunAion  in  line  22. 
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^^^P  j*n  Emfuiiy  concerning  the  Nature  nf  Heat  and  the  Mode$  <if  iit 

^^^B  Commuiiicalion.      By    Blnjamin   Couht    r^f    Rwford, 

"  V.  P.  a.  S.  f!C.     Abridged  from  the  PkHofopkicaL  Tranj- 

adtioiufor  tlic  Year  I  KOI. 

EiperiiMiition  After  remarking  Ihal  all  difcoverie!  on  an  agent  of  fiich 

""■  exlended  operalion  as  heal  cannot  I'ail  lo  be  eaiinenlly  ufeiiil, 

the  author  proceeds  to  defcribc  the  apparatus  ufeit  in  the  ck- 

perimenls  now  to  be  defcribed:  Thejwere  the  following, 

Inftmamtt.  1.  Mercurial  ihermomelen  carefully  conllrufled,  having 

.      ThermcKDetera.   (-ylindrical  Lulbs,  four  inches  long  and  four  tcjiths  of  an  inch  in 

diaraeter,  and  their  tabcii  from  IS  lo  16  inches  long;  the  air 

being  excluded,  and  the  graduations  according  lo  Fahrenheit, 

exhibiting  eight  parts  of  degrees  by  meant  of  a  nonius. 

ItiAraDKnU.  2.  Four  cylindrical  velTcls  of  thin  fheet  brafs,  forafcerlaining 

Cjlinifci™        the  warmth  of  clothing.     Fig.  \.  Plate  I.     The  vefTel  isclofed 

wita,  and  fi'f-    3'  ''<'''•  ^"<^' !  ^i"'  I*"'  ^  neck  at  the  top,  inln  which  hot  water 

hred Id  cMl  witti  is  occafionally  poured,  and  in  which  one  of  Ihe  thermometers 

of  clothioi.       '"  ''"c''  snd  placed  during  the  lime  of  an  experiment,  fo  that 

its  long  bulb  ihall  occupy  the  a\i»  of  the  verTel,  and  will  fhew 

hsmcan  leniperalure.    Another  cylindrical  neck  proceeds  from 

the  lower  furface,  and  is  filled  upon  ihe  adjuftable  part  of  the 

wooden  flem  beneath.     The  vpITHs  are  fnur  inches  long  and 

four  inches  diameier,  and  the  necks  arc  about  eight  tenths  of 

I  an  inch  in  diameter,  the  upper  one  being  four  inches  long  and 

^^H  the  lower  three  inches.    When  the  velTel  is  clothed  and  charged 

^^h  ^-ilb  hot  water,  iU  ram  of  cooling  by  eNpofure  lo  the  quiet  air 

^^H  uf  a  large  room,  will  Ihew  tlie  relative  warinlb  of  each  parti- 

^^1  culur  kind  of  clothing. 

F  In  fome  of  the  experiments  the  ends  of  ihe  inflruroenl  were 

permanently  covered  by  the  application  of  a  thin  wooden  box 
lo  each,  the  box  being  varniftied  and  covered  with  line  writing 
paper,  and  filled  with  fine  cider  down,  and  a  cap  of  fur  was 
pulled  over  the  box,  and  the  projuaing  necL  The  cloth- 
ing of  th«(u  cafes  was  applied  for  experiments  to  the  cylindrical 
fur  face. 
I  Two  of  Ihe  inHrument!  (No.  1  and  2.)  were  tlms  covered 

up  at  the  ends,  and  the  other  two  [  \'o.  .'t  and  4}  were  left  in 
llie  Date  reprcfcnied /i^'.  I.  wiihoul  the  permanent  coverings' 
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In  each  experiment  two  (imilar  inftniments  (fuppofe  No.  1  Method  of  opi 
and  No.  2,  or  No.  3  and  No.  4)  were  ufed,  one  naked  And  the  ^?*i^*  ^ 
other  covered  I  (q  that  in  each  experiment  the  naked  inftrument  the  effea  of 
ferved  as  the  flandard  of  comparifon  with  the  other.  cJothim* 

The  experiments  were  made  and  regiftered  in  the  foUowing  . 
manner  2  the  two  inftruments  ufed  in  the  experiment,  placed 
orer  their  wooden  ftands^  being  fet  down  on  (he  floor«  were 
frlled  to  within  about  1  \  inch  of  the  tops  of  their  cylindrical 
necks  with  boiling  hot  water;  and  a  thermometer  being  pot 
into  each  of  them,  they  were  placed  at  the  diftance  of  three 
feet  from  each  other,  on  a  large  table  in  a  corner  of  a  large 
quiet  room,  24  ffeet  long,  1 9  feet  wide  and  i  3  feet  high,  where 
they  were  foffered  to  cool  undifturbed.  Near  them,  on  tbm 
(ame  table,  and  at^the  fame  height  above  the  table,  there  was 
placed  another  thermometer,  fufpended  in  the  air  to  the  arm  of 
a  iland,  toafcertain  the  temperature  of  the  air. 
•  Every  caution  was  ufed  to  prevent  dlfiorbance  by  currents 
or  agitation  of  the  air,  whether  by  partial  heat  or  the  intrufion 
of  any  perfon  during  the  progrefs  of  any  experiment* 

By  the  refults  of  a  great  number  of  experiments,  it  Was  Scde  tlvMiipi 
fsond  that  the  fame  infirument  cooled  through  any  riven  ^^^"* 
(fmall)  number  of  degrees,  for  inflance  10^,  in  very  nearly  aeafoMd. 
the  fame  time,  whatever  was  the  temperature  of  the  air  of  the 
room;  provided  always  that  the  point  firom  which  thefe  10  de- 
grees commenced,  was  at  fome  conHant  number  of  degrees 
above  the  temperature  of  the  air  at  the  time  being.     The  in- 
terval chofen  by  the  Count  lay  between  the  50th  and  the  40tb 
degrees  above  the  temperature  of  the  air  in  which  the  inftru- 
ment  was  expofed  to  cool;    when  for  inftance,  the  air  was 
at  58^,  the  interval  commenced  at  108,  and  ended  at  98^.— 
When  the  air  was  at  d-l-p  it  commenced  at  1 1^^^^  and  ended 
at  104|^ 

The  warmth  of  any  covering,  or  its  power  to  confine  heat, 
was  eftimated  by  the  time  employed  in  cooling  through  that 
interval. 

As  it  fometimes  happened,   though  very  feldom,  in  the  Method  of  fu 

courfe  of  an  experiment  (which  commonly  lafted  feveral  hours]  ?^y}^?  hy  mtM 
.1.1  ri/..  ri  •  .  '      polatkm  die  e: 

that  the  moment  of  the  pauage  of  the  mercury  through  one  or  treme  inftants 

both  of  thefe  extreme  points  was  not  obferved,  it  was  of  im-  time  ebpfed, 

portance  to  determine  the  fame  by  interpolation  from  the  other  beoUcncd* 

points  .obferved.    To  do  ibis,  the  author  availed  himfelf  of 

the 
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tfw  fetlowinji  law  or  cooling  of  hot  bodies  in  a  fluid,  which  be 
^^^_  found  by  experiment  to  be  applicable  witliout  fenfible  eiror  in 

^^^^  the  pieieiil  cafe ;  h  ii  thai,  if  ihe  equal  portions  o(  aright 

^^^H  line  reprefent  fucceflive  iniervals  of  time,  and  perpendicular! 

^^^B  be  ereded  upon  the  fame,   to  denote  by  their  k'ngths  the  de< 

^^^■'  greeiof  the  v:\ceh  of  temperature  of  the  hot  body  beyond  lligt 

^^^H  of  the  cold  medium,  at  points  denuling  the  coriejponding  in- 

^^^H  Hants  of  time,  the  line  joining  the  CKircmiliec  of  the  perpen- 

^^^V  diculaia  will  be  Ihe  logarithmic  curve.     Whence  if  two  tem- 

^^^F  peralures  and  the  elapfed  time  be  obferved,  it  will  beeafy  by 

^^^P  the  help  of  a  table  of  logarithms  to  determine  the  time  at  which 

^^^  any  tntermediale  temperature  took  place,     Thii  is  exeoiplied 

by  (he  Count,  who  then  proceedi  Lu  relate  bin  experiments. 
Ktp>  I.  Exp.  1 .  One  of  ibe  veHi^ls,  No,  I .  having;  its  ends  clothed 

rift  *wn.^uft."  ^^'^  defctibed,  and   in  polifiied  fides   nalted,  was   filled 
bebeitin  wllh  hot  Wafer.      Another  vefiel.  No.  2.  alike  in  all  refpeai,. 

Jupemucij        ^  I  liaving  its  Cdes   clofely  clothed   with  Jn(h  linen,  ftich  as 
luicktr  tbu  "  ' 

lom  ■  brifbc      i'  fold  ''>  London  at  4i.  per  )aid,  wot  filled  in  like  maimer, 
MCiUic  furf»«.  and  both  were  limilarly  ejipofed  to  cool. 

The  naked  inllrumcnt  employed  y%  minutes  in  cooling,  fcam 

_  94-"  to  a-l"  Fahrenheit  (the  air  of  the  room  being  at  *5».i — 

Bat  tl)e  clothed  inDrument  was  cooled  through  the  fame  in- 

terval  in  361  "I'uutes,  confequently  (his  clothing  expedited  the 

eroiftion  of  heal  inlteaii  of  coohnirg  it. 

When  both  indtumenU  were  cooled  to  ■1-29  they  were  re. 
moved  intoa  warmer  room  at  62°,  and  the  clothed  inflrumenC 
was  alio  found  to  ECqni/e  heat  cun&derably  fader  than  the 
oiher. 

Whether  Die  lioen  accelerated  Ihe  cooling  by  ofliHing  the 
fviccellion  of  iieih  particles  of  air,  or  by  promoting  the  efcape 
of  beat  by  radiation,  were  poiati  to  be  determined. 
le  Lip.  2.  To  decide  ihi=,  ihe  linen  of  Xo.  2.  was  removed, 

'^""and  the  fides  were  *l»iuly  coated  with  glue.  In  tiicfc  circura- 
JUdccs,  while  the  I^Ddivd  or  naked  inilrtiment  cooled  through 
Ihe  interval  in  55  minutes,  the  coaled  inArumcnt  employed 
only  43  J  Minutes. 

Jn  reafuning  upon  this  expenment,  the  aulhor  concluded, 
thai  if  the  glue  operated  only  by  preventing  the  air  Irom  at. 
lauhing  and  fixing  ilGelfto  the  polidiad  metallic  fitrface,  and 
oonfi^quentl)  in  that  manner  facilitated  its  circulalion  ani4  ihs 
ueoliag;  il  would  be  of  bo  confei^LieDCC,  whether   tlic  furtacq 
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t  covered  by  one  or  more  coalings  of  glue:  But,  on  iho 
Jlitrary,  if  the  rsdlalions  of  heat  were  fdcilitaled  and  !ri> 
e&red,  it  might  be  expefled  that  a  greater  efTeA  would  be 
j|roduced  by  two  coatings  than  by  one. 

['  £jfi.  3.   The  experiment  «as  therefore  tried,  and  it  was  E«p-  j.  Hw 
"wd  that  the  inarument  ufed  erapioycd  only  37 J  minutes  in  "'^f^^" 
Cng  through  the  interval.  tihst. 

ETp.4,5,6,7.  When  the  experiment  was  repealed  with  Eip.  4,  5.  6,  7. 
clear  coIourleCs  Tpiril  vamiHi,  the  fame  elfefl  was  produced,  j^^"  P""'"' 
and  it  was  augmented  ai  far  as  by  four  coalings.     But  on  pro> 
txedingas  far  as  eight  coating;,  the  limit  of  the  grealeOcBl'S 

Kis  found  Id  have  been  palTed. 
Exp.  6,  9,  10.  Black  paint  (lamp  black  and  fize]  upon  the  Exp.  g,  9,  lo. 
niifh  increafed  ihecooling  effefl  a  litile.     When  the  intlru- " ^  "*^  '** 
BDl  W31  cleaned  and  then  painted,  its  rapidity  of  cooling  was 
■rly  the  fame  =  35  minutes.     And  with  while  paint  the  dif-  —md  whiu* 
«nce  was  not  conliderable,  as  the  efie£l  wa:>  produced  in 
I  Biinules.     As  the  paint  was  laid  on  in  feveral  fuoccdive 
coatings,  the  Count  remarks  that  little  dependence  is  la  be 
placed  on  thefe  refnlls  as  indicating  a  difference  from  colour. 

■       Exp.  1 1.  The  clean  inflrunient  being  fmokcd  black  over  a  Exp.  i 
mwx  candle,  was  found  to  have  cooled  through  ihe  interval  in  A"*  " 
PWJ  minutes,  while  the  ftanHard  employed  55f  minutes.    The  "™* 
[kaip  black,  when  wiped  off  and  weighed,  amounted  lo  leTs 
Omd  Vt  of  a  grain,  tliough  it  had  completely  covered  50  fquare 
inches. 

With  a  view  to  a  more  accurate  determination  of  the  velo- 
city of  cooling,  it  was  necelTary  to  alcerlain  what  healefcaped 
through  the  permanent  clothing  at  the  ends.     This  was  done  Dneitninitiooof 
byubferving  the  times  of  cooling  with  and  without  the  cloth-  |J" ''"'^  "I  , 
ing,  and  comparing  the  eflcfls  with  the  refpeftive  furfaces  oftodiof  clwin- 
eitpofure.     For  the  whole  furface  of  the  Inllrument  85.195  ftiBtntna. 
fquare  inches  "  'o  the  furface  of  its  vertical  lides;  fo  is  Ihe 

rtrtole  quantity  of  heat  pafftd  off  =  10000  lo  tlie  quantity  that 

ilTed  through  the  fame  fides  =  5SS5.     And  lince  by  obfer- 

naked   infirurnent  reijuiied   45i    minutes  lo  cool 

rough  the  fame  interval  as  was  palTed  Ihrougii  in  S5^  mi- 

tples  when  Ihe  ends  were  covered,  the  author  concludes  that 

■  :  :  3335  :  7015=  what  would   have   pafled   in   ihe 

rval  through  the  upright  furface,  and  confequenily 

Ibal  the  remainder  of  the  heat  ::z  2935  parls  mull  have  pafled 

tbtODgh  Ihe  covered  parts  of  the  inllrument. 
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By  applying  Iherererulfs  lo  the  numbers  in  £jj).  1 1.  wher# 

^^  the  cooling  was  effefted  in  361  minules,  ihe  Court  fay*  as  5S  J 

^^L  minutes  give  29S5  heal  paflcd  through  the  covered  ends,  to 

^H  will  36}  minutes  give  19+2  parts.  Ard  this  taken  fiora  10000, 

^P  the  whole  heal   lofi,  vi^ill  Itave  BOJij   for  the   heal  that  really 

paired  through  Ihe  upright  lidei.     But  it  was  Tound  thatTOI? 

pafi    thrnugh   the    naki;d    fides   in    55f    minutes:      Whence 

7015  :  J5t ; :  8058  :  63|.     And  confequenlly,  the  correfled 

times  are  36J  and  iJS^,  which  exprtfs  the  velocities  of  the 

pojla^  or  heat  ihrnugh  the  lurface  of  Ihe  naked  metal,  and 

that  which  was  blackened  with  fmoke,  viz.  as  565-t  to  lOOOO 

In  Ihe  fame  manner  Ihe  velocities  of  the  pafTage  of  heat  in 

the  experiment  No.  6.  aF«  fliewn  to  have  been  as  4566  to 

1 0000. 

A  M«  tourfe  of     It  has  been  remarked  that,  in  Ihefe  curious  inftances  of  the 

apninxoN.       effeSsof  modificalion   of  furfjce  in   clothing   upon  the   Iran- 

filions  of  heal,   the  effi^fl  may  have  been  favoured  by  commu- 

»nicatioT>  to  Ihe  air,  or   by  facililatiitg  the  procefs  of  radiation. 
The  author's  reafoning  upon  EjJ).  2.  appeared  not  fo  decifive 
81  to  need  no  fupport  from  experiments  of  a  difierenl  clafs. 
He  therefore  conflrufled  an  inflmraent  for  meafuring  the  effects 
of  radiation,  which  is  feen  in  fig.  2,  Flnte  I. 
InfhvDniti  r<r       Like  the  hygrometer  of  Mr.  Leflie,*  (ai  Ihe  Count  ob- 
Jmpro.iogrjdi-    fecves)  it  confifti  of  Iwo  glafs  balls  at  the  ends  of  a  tube  C 
*"  '*''•  and  E.     The  lube  is  of  fuch  a  diameter  that  one  inch  In  length 

would  contain  15  grains  of  mercury;  the  balls  are  l.li25 
inches  in  diameter;  the  upright  ends  of  the  tube  C  and  £  are 
each  10  incites  long;  the  horiziinlal  part  D  i$  17  inches;  anil 
the  board  A  B,  to  which  it  is  attached,  is  27  inches  long,  9 
inches  wide,  and  one  inch  thick.  The  pillar  F  fupports  a  cir- 
cular vertical  fcrcen  made  of  palleboard,  covered  with  gilt 
paper  on  both  Ma,  ihc  ufe  of  which  is  to  protefl  one  of  the 
balls  from  rays  intended  oi'ly  to  a£l  upon  the  oiher.    The  balls 

»  contain  only  air,  ^nd  a    fniall  drop  of  coloured  fpirit  of  wine 

is  introduced  by  means  of  a  (lioil  lube  proje£ilng  from  one  of 
the  elbows ;  which  (hort  tube  is  then  hermetically  fealcd.  By  a 
tittle  management  the  bubble  of  fpirit  h  brought  (o  re(1  in  iho 
middle  of  llie  horizontal  lube ;  and  when  the  temperature  of 
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the  air  b  either  of  the  balls  is  made  to  exceed  that  of  the 
other,  the  increafed  elafticity  caufes  the  bubble  to  move  to« 
wards  the  colder  ball. 

By  a  fimple  contrivance  of  Aiding  boards,  the  hot  bodies 
were  nu>ved  by  rack-work  and  a  winch  to  any  diftance  from 
the  thermofcope  witboat  the  attention  of  the  obferver  beings 
tfiken  off  from  the  bubble  in  the  tube,  and  the  diftances  were- 
alfo  (hewn  by  a  graduated  fcale  and  nonius.  Figi.S^  PloU  L 
(bews  one  of  thefe  bodies.  It  is  a  metallic  cylinder  having  itff 
bafeilwhich  is  to  be  prefented  to  the  thermofcope,  vertical,  and 
its  neck  obliquely  placed  for  the  purpofe  of  introducing  the 
hot  Water,  and  alfo  a  thermometer  for  (hewing  its  temperature 
at  any  required  time. 

The  experinietUs  and  ohfervations  which  confiitute  the  remainder 
of  this  memoir  toiU  be  given  in  our  next. 


XIII. 

Experiments  and  Cakulaiions  relative  to  ph^fical  Optics,  By 
Thomas  Young,  M.  D,  F.  R.  S.  From  the  Pfdhfophicat 
Tranfaaions  for  1804. 

I«  EXPERIMENTAL    DEMONSTRATION    OF    THE     GENERAL 
LAW    OF    THE    INTERFERtNCE    OF    LIGHT. 

In  making  fome  experiments  on  the  fringes  of  colours  accom-Qcnerilliws  of 

panyiog  (badows,  I  have  found  fo  firople  and  fo  deroonftrative  ^f  ^ght  proved 

a  proof  of  the  general  law  of  the  interference  of  two  portions  in  the  produdioB 

of  light,  which  I  have  already  endeavoured  to  eftablifti,  that  I  ^^^^f  *  ""^ 

think  it  right  to  lay  before  the  Royal  Society,  a  fliort  Hatefhent 

of  the  fads  which  appear  to  roe  (b  decilive.     The  propofition 

on  which  I  mean  to  infifl  at  prefent,  is  fimpiy  this,  that  fringes 

of  colours  are  produced  by  the  interference  of  two  portions  of 

light ;  and  I  think  it  will  not  be  denied  by  the  moil  prejudiced, 

that  the  affertioo  is  proved  by  the  experiments  I  am  about  to 

relate,  which  may  be  repeated  with  great  eafe,  whenever  the 

fun  fliines,  and  without  any  other  apparatus  than  is  at  hand  to 

every  one. 

Exper,  \,  I  made  a  fmall  hole  in  a  window- (butter,  *nd  |^*^*  Fjiniw 
covered  it  with  a  piece  of  thick  paper,  which  I  perforated  with  ^hadowof  ailip 

a  fine  ^^  ^^^  **^  V^ 


tictibj  theia-afinenecdle.  For  greater  convenience  of  obfcrvalion,  I  placed 

terftrtiic; of  a  fmall  lookine  ij'*'^'  wiliioul  Ilie  window-ihulter,  infuch  apo- 
Eghtfiomboth  b  f  "  ■  r 

■djS.  For  in-  filion  as  to  reflefl  the  fun's  light,  in  a  direflion  neitiy  horiaon- 
lerttption  en  one  [g|  ypoj,  iheoppoOte  wall,  and  tocaufe  the  cone  of  diverging 
«ftQ.  ''g'"  'op»f»  over  a  table,  on  which  were  leverallilLlelcreeniot 

card.papei.  I  brought  into  the  f'un-lfcam  a  Hip  ofcard,  about 
ore-thirtieth  of  an  inch  m  breadth,  and  obferved  its  Jtiadow, 
either  on  the  wall,  oi  on  olhet  cardi  held  at  digerenl  diOances. 
fiefides  the  Tringet  ot  colours  on  each  fiiie  or  the  Hiadow,  lli« 
fliadow  itfelf  wiis  divided  by  fimilar  parallel  fringes,  of  fmailer 
dimenljons,  differing  in  number,  according  lo  the  diflance  at 
which  the  fliadow  wat  obferved,  but  leaving  the  middle  of  (he 
fitadow  always  white.  Now  Ihcfe  fringes  were  the  joint  eSefts 
of  the  portiunsof  light  palling  on  each  fide  of  the  flip  of  card, 
and  InHefled,  or  rather  difTrafled,  into  the  Ihadow.  For,  a 
little  fcreen  being  placed  a  few  inches  from  the  card,  (o  ai  to 
receive  either  edge  of  tlie  (hadow  on  its  margin,  all  the  fringei 
which  had  before  been  obferved  in  the  Hiadow  on  the  wall 
immediately'  difappeared,  although  the  light  infleded  on  the 
other  fide  was  allowed  to  retain  its  coarfe,  and  although  this 
light  mull  have  undergone  any  modification  that  the  proximity 
of  the  other  edge  of  the  dip  of  card  might  have  been  capable 
of  occafioiiing.  When  the  Interpofing  fcreen  was  more  re- 
mote from  the  narrow  card,  it  was  tiece&ry  to  plunge  it  more 
deeply  into  the  fliadow,  in  order  to  extinguilh  the  parallel  lines ; 
for  here  the  light,  diFrafied  from  the  edge  of  the  objefl,  had 
entered  further  into  the  fliadow,  in  its  way  towards  the  fringes. 
Nor  was  it  for  want  of  a  fufliclenl  intenlily  of  tight,  that  one 
of  the  (wo  portions  was  incapable  of  producing  the  fringei 
alone  ;  for,  when  they  were  both  uninterrupted,  the  lines  ap- 
peared, even  if  the  intenfity  was  reduced  lo  one-tenth  or  one- 
twentieth. 
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ARTICLE   I. 


Extras  rf  a  LtUtr  from  Count  ApolinH  de  Maufin  Poujhkin,  to 
Charks  HattTUtt,  Efq.  F.  R.  S.  dcjbriking  hit  Method  qfpn* 
paring  MalUiakk  Pldtintu  Communicated  on  the  Requeft  qf 
the  Count,  by  Ch  aelbb  Hatchett^  Efq.  F.  R.  S.  andaow 

firft  publiflied. 

1. 1  RECIPITATE  the  platlna  from  its  folution  by  muriate  ^m^-  ©f^ 
of  aromonia«  and  wafli  the  precipitate  with  a  little  cold  water. ,,  Pn^ip,  ii,^ 

2.  Reduce  it  in  a  convenient  crucible  to  the  welUknown  M«>dMi  by  omw* 
fpungy  metallic  texture,  which  waQi  two  or  three  times  ^^th^  jJJJ^j^j^ 
boiling  water  to  carry  off  any  portion  of  (aline  matter  which  fpongy  mttt^ 
may  have  efcaped  the  adion.  of  the  fire.  "^  ^^* 

3.  Boil  it  for  about  half  an  hour  in  as  much  water  mixed  3*  Boil  in  weak 
with  one  tenth  part  of  muriatic  acid  as  will  cover  the  maff  '^cwcffiSlhau 
the  depth  of  about  half  an  inch  in  a  convenient  glafs  vefltl. 

This  will  carry  off  any  quantity  of  iron  that  might  ftill  evifl  ia 
the  metal. 

4.  Decant  the  acid  water,  and  edulcorate  or  Itrongly  ignite  4«  B^aleflntt 
the  plating.  "^^"«'* 

5.  To  one  part  of  this  metal  take  two  parts  of  mercttry^  and  5*.  ^""Jj""* 
amalgamate  in  a  glafs  or  porphyry  mortar.   This  amalgamation        *""**^ 
takes  place  rery  readily.     The  proper  method  of  conducing 

it  in  to  take  about  two  drams  of  mercury  to  three  drams  of 
Vol.  IX<— October,  1804.  F  platinm. 
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platinsr7'«nd  BmBlgamaic  ifiemtogethary  andloitiiirsntfTgflni 
may  be  added  alternate  fmal!  quantities  of  platina  and  mercurj 
till  the  whole  of  the  two  metals  are  combined.  Several  pounds 
may  be  thus  amalgamated  in  a  few  hours,  and  in  the  large  way 
a  proper  mill  might  fliorten  the  operation. 
d.  Mould  the  ^.  After  the  amalgam  is  completely  produced,  it  mud  be^ 

amalgam  into  quickly  moulded  in  bars  or  platds^  or  any  other  forms  Ihat  may 
loon  become  ^^  preferred;  taking  care  that  thefe  moulded  pieces  Qiould  at 
Clid.  leaft  be  half  an  inch  in  thicknefs,  and  of  a  proper  length  to 

manage  them  afterwards  in  the  fire;  it  is  alfo  requiiite  that 
the  moulds  (hould  be  pcrfcdiy  even  and  fmooth.  Half  an  hour 
afler  the  pieces  are  formed  they  begin  to  harden  by  the  oxi- 
dation of  the  mercury,  and  change  their  brilliant  metallic  co- 
lour for  a  dull  leaden  one. 
7.  Expel  the  7.  As  foon  as  the  pieces  have  acquired  a  proper  degree  of 

tnercuiy,  by  ig-  hardnefs  to  be  handled  without  danger  of  breaking,  which 
commonly  takes  place  in  a  little  more  than  an  hour,  place  them 
in  a  proper  furnace,  and  keep  them  ignited  under  a  muffle  or 
in  a  fmall  reverberatory.  No  other  precaution  is  neceflary  in 
(his  operation  but  that  of  not  breaking  the  pieces  during  their 
Laftl]r»  Iranfport.     The  mercury  flies  off  during  the  heat,  and  the  pla- 

SS*n  w!wd^"*^'"^  remains  perfeftly  folid;  fo  that,  after  being  ftrongly  ig- 
forge  or  laminate  Hi  ted  two  or  three  times  before  the  bellows,  it  may  be  forged 
1^*  or  laminated  in  the  fame  manner  as  gold  or  (liver;  care  being 

taken,  at  the  commencement  of  the  forging  or  of  palling  it 
between  rollers,  not  to  apply  too  great  a  forco  till  the  metal  has 
l^fave  tlie        acquired  all  its  deniity.     It  is  almofl  fuperRuous  to  add  that  in 
ftimary  on  a      evaporating  the  mercury  from  large  quantities  of  amalgam^  a 
proper  apparatus,  fuch  cis  in  the  filver  amalgamation,  mud  be 
employed  to  receive  the  volatilized  mercury;  but  for  fmall 
quantities,  where  the  lufs  of  this  metal  is  of  no  confequence, 
the  furnace  mufl  have  a  proper  chimney  to  carry  off  the  metal- 
lic vapours.     When  the  platina  comes  out  of  the  firft  fire  its 
dimenlions  are  about  two  thirteenth  parts  fmaller  every  way 
Remarks  on  this  than  the  original  amalgam  from  the  mould.     The  whole  of  this 
procefi.  operation  feems  to  be  governed  by  the  preflure  of  the  atmof- 

phere  and  the  laws  of  cohefivc  attra61ion:  for  the  air  is  driven 
..  out  from  between  the  molecules  of  the  platina,  which  by  their 

folution  in  mercury  ire  mofl  probably  in  their  primitive  and 
confequently  uniform  figure.  It  is  very  vifible  and  at  the 
faiiie  lime  a  very  amufing  phenomenon  to  obferve^  (during  the 

procefs 
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|>roce(f  of  ignition,  which  is  performed  in  four  or  five  minutes) 
bow  the  platina  contrad^  every  way  into  itfelf,  as  it*  prefled  bjr 
fome  external  force.* 

I  have  alfo  lately  obtained  triple  falls  of  muriate  of  ptatina  Triple  muriade 
with  muriate  of  ponderous  earth;  and  alfo  with  muriate  pf fajttof p|«tin«> 
nagnefia;  and  I  (Irongly  fufped  that  every  other  earth  except  nidimrttlis 
the  filiceous,  and  even  the  metals,  are  fufcepttble  of  fuch  triple 
combinations.     I  have  likewife  obtained  a  very  beautiful  fait  — beautifttl  ialt 
of  platina  by  the  combination  of  foda  and  platina  with  the  mu-  ^"^^<>^ 
riatic  acid ;  a  combination  which  Bergman  and  feveral  other 
chemifts  deny.     The  bed  manner  of  obtaining  it  is  by  diflb)v« 
ing  the  platina  in  nitrous  acid,  to  which,  for  that  purpofe,  two 
parts  of  muriate  of  foda  and  one  of  platina  are  added.     The 
platina  muH  be  made  in  a  retort  with  its  receiver,  and  zher 
about  four  fifths  of  the  fluid  have  come  over,  the  procefs  mult 
be  interrupted,  and  the  whole  left  to  cool  in  the  fand  bath. 
The  fait  cryftallizes  in  fine  prifms,  which  are  fometimes  four  or 
five  inches  long,  and  either  red  brown,  like  titanium,  yellow^ 
like  amber,  or  of  a  beautiful  coquelicot  colour^  according  to  . 
the  purity  of  the  platina.     I  enclofe  here  my  addrefs  during 
ny  abfence,  and  hope  you  will  receive  with  indulgence  the 
contents  of  this  letter. 

I  am  with  great  regard,  Sir« 
Your  mofl  humble  and  obedient  fervant, 

Count  Apollos  Movssin  Pousukin. 

I 

*  In  the  Counts  letter  to  Mr.  Hatchett,  requefting  him  to  pub- 
lifli  the  method  in  the  text  (communicated  to  Mr.  H.  fome  years 
ago)  the  following  addition  is  given  :  (in  French.) 

**  As  loon  as  my  amalgam  of  mercury  is  made>  I  comprefs  the 
fitme  in  tubes  of  wood,  by  the  pi-eflure  of  an  iron  fcrew  upon  a  cy<* 
linder  of  wood>  adapted  to  the  bore  of  the  tube.  This  forces  out 
the  fuperabundant  mercury  from  the  amalgam,  and  rendrn  it  folid. 
After  two  or  three  hours  I  burn  upon  the  coals  or  in  a  crucible 
lined  with  charcoal,  the  (heath  in  which  the  amalgam  is  containcdi 
and  urge  the  fire  to  a  white  heat ;  after  which  I  take  out  the  platina 
in  a  very  folid  (late,  fit  to  be  forged/* 
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II. 

On  Pepper,     £^' Thomas  Thouson,  M.  D.     CommunicaUd 
by  the  Author. 

Notwithstanding  llie  great  number  of  kbouren 
wlio  liave  engaged  in  the  cuUivalion  of  chemiftry,  the  field 
of  (hal  alluring  fdence  ii  too  extenfive  lo  be  full)'  occupied. 
While  man)'  fubdivifions  are  left  entirely  walJe,  and  others 
exhibit  here  and  there  only  faint  traces  of  improvement,  fome 
fortunate  fpoi5,  either  from  their  fuppofed  importance,  or  from 
the  influence  of  faftijon  or  accident,  have  been  crowded  with 
workmen,  and  cu'tivated  with  enthuliaflic  eagernefs.  The 
mineral  kingdom  has  probably  engaged  the  exclufive  altenlion 
of  nearly  two  thirds  of  the  whole  body  of  praflical  chemiflt : 
The  animal  kingdom,  in  confuqueiice  of  the  intimate  connec- 
tion between  chemiflry  and  medicine,  hai  enjoyed  a  confi- 
derable  (hare  of  cultivation ;  but  the  vegetable  kingdom,  though 
furelynot  inferior  in  irapoiiance,  and  apparently  rather  more 
alluring,  has  till  lately  been  greatly  negle^ed,  at  leall  in 
Britain. 

Indeed  il  is  not  likely  that  vegetable  chemiflry  will  ever 
"  arrive  at  the  precifion  which  we  have  a  right  to  look  for  in 
the  analyfii  of  minerals.  The  conflituenH  of  the  latter  feem 
fcarcely  fufceptible  of  altering  their  flate;  but  thofe  of  vegeta- 
bles run  progrefGvely  through  a  regular  fuile  of  change*. — 
Thus  the  I'ubliance,  which  in  the  embryo  ear  of  corn  poireffes 
(he  properties  of  maci>ng;e,  appears  in  the  ripened  grain  under 
the  form  nl'^nriA.  Between  thtfe  two  extremes  there  cxifts 
an  iiidcfiniie  nuinbt-r  of  internieilmte  flates,  through  all  of 
which  the  ve)[elaUe  mailer  fucccflively  runs.  The  rapidity 
and  coniplctiun  uf  thefe  change>  d'.pend  upon  a  mullitiide  of 
ci  re  u  mil  meet.  In  no  cafe  can  they  proceed  exaflly  in  the 
bme  iirdrr  and  at  ihe  fame  rate  arAefi  all  the  circumilance* 
tally.  Without  this  the  confliiuenls  of  two  vegetables  even  of 
the  Tame  (pecies,  cannot  be  in  the  fame  flate,  and  of  courfe  the 
aiial>lis  of  each,  though  condufled  willi  the  moft  pi-rfefl  ac- 
curacy, will  by  nn  means  exhibit  an  exact  coincidence, 

But  even  fuppofirg  the  conflitnenli  of  two  vegetable  bodies 
in  every  rcfpefl  the  fame,  ftill  the  ana'ylis  of  each  may  lead 
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to  different  refalts.  Veg^etable  fubflances  not  only  pafs  through 
a  fait  of  changes  while  they  conflitute  a  part  of  the  living 
plant,  but  many  of  them  are  Aill  fafceptible  of  continuing  the 
fttit  even  after  they  are  feparaled  from  the  parent  tliat  produced 
them.  ThosgAtfm  when  kept  moid  runs  into  chcefe;  oil  when 
long  expofed  to  the  fun  and  air  hardens  into  tvax  or  rcfin,  and 
the  milky  juices  of  plants  into  gwn-refiM.  Our  ana))ri^  fre^ 
quently  accelerates  or  occafions  thefe  changes,  and  even  pro- 
daces  others  altogether  new.  Hence  the  principles  which  we 
extrad  from  vegetable  bodies  are  not  always  the  conflituentftof 
Ihefe  bodies;  b^it  a  new  fet  of  principles  formed  during  the 
analyfis,  and  of  courfe  varying  according  to  the  nature  and 
circomffanoes  of  the  experimental  inveftigation.  Hence  we 
are  feldom  able  to  form  again  the  old  vegetable  compound  by 
uniting  together  all  the  ingredients  which  we  have  extruded 
from  tt. 

Thefe  diflicalties  increafe  with  the  complicated  nature  of  the  CompncatiMi  «f 
vegetable  body ;  for  the  greater  the  number  of  conflituents  is^'^'"^^ 
the  more  liable  are  they  to  undergo  alteration  daring  an  analy- 
^s»    Indeed  fome  vegetable  principles  feem  incapable  of  ex-^ 
ifting  except  in  combination,  and  are  decompofed  or  new  mo- 
dified the  inftant  we  attompt  to  feparate  them. 

The  variety  of  dates  in  which  the  vegetable  principles  fuc-Loofe  aomen*' 
Ceffively  exift,  together  with  the  difficulty  of  examining  theirj^jj^  ^'^^' 
properties  without  altering  their  nature,  has  rendered  it  necef* 
fmry  for  chemifts  to  apply  the  names  of  them  with  greater  lati- 
tude than  \%  ufual  in  other  departments  of  the  fcience.  A  ge- 
neral refemblance,  indeed,  in  the  mod  dr iking  properties, 
feems  to  have  been  thought  fufficient  to  entitle  vegetable  prin« 
ciples  to  the  fame  name.  If  we  examine  all  the  bodies  termed 
gum,  we  fliall  find  them  running  on  the  one  band  into  fiarchg 
and  on  the  other  into Jhgar;  and  forming  a  pretty  long  feries, 
having  fugar  and  darch  at  the  two  extremities:  no  two  of  the 
fubdances  condituting  the  feries  are  exa6lly  the  fame ;  but  the 
fame  name  is  ufually  applied  to  all  thofe  that  have  a  general 
refemblance.  This  will  be  eafily  feen  by  the  following  table, 
in  which  I  have  fubdivided  the  feries  into  five  genera* 

1.  Common  sugar  Inftancesin 

Genus  J.  Sugar    -     -     \2,  Sugar  of  grapes  ftiTh,*^* 

Sugar  of  beet. 

II.  SarcocoH 
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n.  SarcocoU- 


III.  Gam  - 


IV.  Glaten    • 


V.  Starch 


fmeik. 


1.  Manna 

2.  Liquorice 

3.  Common  farcocoll 

4.  Saccharine  of  malt, 

1  •  Mucilage  of  roots 

2.  Cherry-tree  gum 

3.  Gum-Arabic 

4.  Gum  of  barks. 

1.  Gluten  of  barley 

2.  Gluten  of  wheat 

3.  Cafeous  principle. 

1 .  Gam  tragacanth 

2.  Gam  of  lichens. 

3.  Common  (larch* 

Thefe  terms  ut  The  terms  gum,  ftarch,  fugor^  &c.  in  vegetable  chemiflry 
are  not  to  be  underftood  as  the  names  of  peculiar  fubflanceSf 
nor  even  as  j^ecict;  but  merely  as  genera,  and  nearly  fimilar 
to  the  terms  metals,  acids,  alkalies,  &c.  in  the  otiier  depart-- 
^ents  of  chemiftry. 

The  preceding  obfervations  will  ferve,  I  trufl,  as  an  apology 
for  the  imperfection  of  the  following  remarks  on  pepper.  I 
offer  them  to  the  public  not  as  an  analyfis  of  that  vegetable  fub- 
^ance,  but  as  an  account  of  fome  of  the  properties  of  its  mbft 
iremarkable  conflituents. 

I.  Black  pepper  is  the  fruit  of  an  Eaft  Indian  plant,  the 
piper  nigrum,  and  is  too  well  known  to  require  any  particular 
defcription.  The  outer  coat  of  the  pepper-corn  is  brown^ 
and  a  good  deal  fliri veiled.  Its  tafte  is  not  nearly  fo  pungent 
as  the  inner  part;  of  courfe  it  contains  lefs  of  the  peculiar  prin- 
ciple to  which  pepper  owes  its  tafie  and  fmell. 

II.  When  pepper  is  macerated  in  cold  water  it  does  not 
lofe  its  (hri veiled  appearance;  a  proof  that  the  corns  are  im- 
pregnated with  an  oily  fuhHancei  which  prevents  them  from 
abforbing  water.  The  liquid  very  f(>on  acquires  a  fine  deep 
reddifli  brown  colour,  but  retains  its  tranfparency.  Whiiepcp" 
per^  which  is  known  to  want  the  outer  coat,  communicates  no 
fuch  colour  to  water;  the  colouring  matter  then  mufl  refide  in 
the  outer  coat. 

The  watery  infu(ion  thps  obtained  poireiTes  the  fmell  and 
tS^fle  which  are  peculiar  to  pepper.     Like  mod  other  extracts, 

it 
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Defcriptioiu 


Macention  ia 
cold  ifiter. 


if  iiai  Ibe  property  of  giving  a  red  colonr  to  vegetable  blocs. 
A  very  great  quantity  of  water  fuccefllvely  applied  is  nereflary 
to  exhauil  the  pepper  of  its  colouring  matter:  hot  the  fmell 
and  tafle  of  pepper  become  lefs  and  lefs  flrong  in  thefe  infa<r 
fions,  and  at  lad  altogether  imperceptible,  leaving  the  infufions ' 
infipidf  or  flightly  fwcetiA). 

1 .  Thefe  cold  infufions  contain  a  peculiar  txtra^ive  matter.  Peculiar  iMtraS' 
which  feems  to  refide  in  the  outer  coat  of  the  pepper-corn.  **"  "■*^« 
In  the  firft  infiifions  their  matter  is  united  to  the  fubtlance,  in 
which  the  tafte  and  finell  of  pepper  refide,  and  occafions  its 
folubility  in  water.  In  the  laft  infofion^,  if  we  judge  from 
their  appearance,  it  feems  to  be  mixed  with  a  mucelaginous 
fubftance. 

2m  If  we  mix  the  infufion  of  nut-galls  with  the  cold  infufion  Cold  and  hoe 
of  pepper,  no  fenfible  change  is  produced ;  but  in  a  deco^ion  ?"*^^!!^*** 
of  pepper,  it  produces  a  copious  flaky  precipitate.     Hence  with  infuf.  of 
we  learn  that  there  is  a  fubftance  in  pepper  infolubie  in  cold  5"?"^"^^' 
water,  but  feparated  by  means  of  boiling  water.     This  fub- 
ilance,  as  (hall  be  afterwards  (hown,  is  a  fpecies  of  Jiarch. 

3.  When  pepper  is  macerated  in  alcohol  it  communicate<t  a  Maceration  of 
light  yellowiih  green  colour  to  the  liquid,  which  becomes  at  ^^i^VJft  Ita- 
tbe  fame  time  fully  impregnated  with  the  pt'culiar  hot  princi-  tion leave  voi^/i/e 
pie  whidi  charaAerizes  pepper.     By  diflilling  this  tincture  in  ^' 

a  retort,  the  alcohol  is  obtained  colourlefj:,  but  of  a  decidedly 
peppery  flavour.  Towards  the  end  of  the  diflillation,  the 
liquid  in  the  retort  becomes  muddy,  and  depofites  a  greenifli 
matter,  part  of  which  may  be  obfervedalfo  trickling  down  the 
fides  of  the  receiver  like  drops  of  oil.  The  rcfidual  liquid  is 
yellow,  but  nearly  infipid.  This  green  matter  is  the  fubftance 
to  which  pepper  is  indebted  for  its  tafle  and  fmell.  Its  pro- 
perties are  analogous  to  thofc  of  the  volatile  niU, 

4.  Thefe  three  bodies,  namely,  extraBive,  ftarch  and  oil,  I 
ooniider  as  the  moft  important  ingredients  of  the  pepperrcorn. 
Let  us  examine  the  properties  of  each,  beginning  with  the  oil, 
which  is  obvioufly  the  eflcntial  ingredient. 

III.  The  colour  of  the  oil  of  pepper  is  grafs  green.     When  Charaders  •f  - 
firft  obtained  it  is  of  the  confiftence  of  turpentine,  but  it  gra-  **"  ^^  ^^^^' 
dually  hardens  by  exf>ofure  to  the  air.     When  moderately 
heated,  it  gives  out  a  liquid  oil  of  a  yellowifli  green  colour, 
and  leaves  a  folid  mafs,  firoilar  nearly  to  a  refin.  When  thrown 
into  water,  it  finki  to  the  bottom  of  that  liquid. 

Its 
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idfaKll       lu  tafia  ii  intolembly  hat,  and  preciUy  fimilar  to  that  ot' 
copei^.  *  P^PP*^'     So  ii  iti  fmelL 

When  healed  lo  100°,  il  fofteni;  it  raellt  at  1+8°.  evapo. 
ratei  a  little  above  313°  in  a  while  fmoke,  which  fmelli  liks 
tobacco  fnioke,  irrilaling  (he  throat  and  exciting  coughing. 
Evaporated  to  drynefs  on  a  f^hh  plate,  it  leavei  a  yellow  trace 
behind  it.  When  fuddenly  healed,  it  boils  violently,  and  the 
vapour  burns  with  a  clear  while  name  without  any  (moke. 
Voiiriltbr  II  givesagreaij  flain  of  a  gieen  colour  lo  paper.     At  500" 

the  greafy  appearance  is  lenioved,  but  the  green  mark  Hillcon. 
linuec,  unlefi  the  heat  be  fufficient  lo  chat  the  paper.     Hence 
1  thiak  it  follows,  that  the  colouring  matter  of  ihis  oil  is  a  fub* 
Aance  entirely  diilinfl  from  the  oil  ilfelf. 
Soluble  in  ileo-       Tho  oil  of  pepper  is  infoluble  in  water;  alcohol  and  clber 
^'j^j^^'^Jdiflblve  it  readily;  the  folution  ii  light  green:  alcoholholding 
lie.  it  in  folulion,  acquires  a  very  fragrant  odour,  prfcilely  limilar 

to  thai  of  oil  of  lavender.     When  water  U  abided  lo  thii  folu- 
tion, the  (vhole  btcome^  niilLy,  and  paffes  in  ihai  tiate  llirough 
the  filter.     On  (landing  fomc  weeki;,  lighi  green  Hakes  fub£de, 
but  the  milky  opacity  is  permanenl. 
Adioaefit-  Alkahes  have  no  fenllble  aflion  on  this  oil  while  coM. 

''^'  When  thrown  into  liquid  potaih  it  fwiiiis  on  the  furfate.     If 

the  liquid  be  heated,  the  oil  becomes  brown  and  acquires 
greater  confiileiice.  At  ibe  fame  lime  it  evapoiiiies  partially, 
diffuflng  around  the  peculiar  odour  of  pepper. 

—  oraiuieicJd,      Nitric  acid  difTolvci  it  with  eti'eivcfcence.  the  folution  is  yel- 

lowilli  brown,  and  a  waxy  mailer  (wim?  onlbe  fuilafa.  Thi*. 
acid  afi;  in  the  fame  manner  on  other  volatile  oils. 

—  pd  of  01.  The  oxygenized  muriatic  acid  deflroy*  the  green  colour  and 
nor.  Kid.           piakes  il  jellowidi  >vhile.      But  it  flill  ittaiiis  ils  fotroer  lafte. 
|iii»»oUoil  The fe  properties  are  futficient  lo  authorize  uii  lo  refer  this 
with  cot.  muter  green  mailer  to  the  genus  of  volatile  oiU      II  i^  not  however 

ran-  I  pyfg  pj]_  {^  befldes  the  colouring  nailer  already  mentioned, 

it  obvioully  contains  a  fiibflauce  which  approaihes  lo  the  genus 
of  refins  in  lis  properlics. 

SairtOhioi  IV.  The  EXTRACTIVE  of  pepper  ii  procured  by  macerat. 

fPP"-  ing  the  pepper-corns  in  cold  water.     Like  the  olh«r  fpecies  of 

this  difficult  genus  of  vegetable  principles,  il  is  fcarte  poilible 
lo  obtain  it  in  a  Aale  of  abfolule  purity.  But  if  we  maceiaie 
ibe  pepper -corns  whole  in  fuccellive  porlioix  of  water,  till  the 
liquid  lofes  ihe  peppery  flavour,  and  ihen  pour  on  them  frelLv 
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r,  we  ohUiD  tn  infii^on  which  I  believe  holdt  in  folii^' 
tion  fearody  any  thing  bat  eztrmdive.    If  this  infufion  be  em« 
porated  ilowly  in  a  fteam  heat,  it  leaves  a  brown  refiduum, 
wUeb  I  coB6der  as  extni6HTe  of  ftarcb  not  far  from  parity. 

1  •  The  infiifion  is  infipid  or  ilij^htly  fweetifh,  and  of  a  fine  Aq.  Ibloiioa 
reddifli  brown  coloar.    As  the  evaporation  advances,  the  co-  ^[^^kf * '*'*** 
lonr  deepens,  and  the  liqnid  acquires  an  acrid  flavour,  fimilar 
to  that  of  feorched  vegetable  matter.    This  flavour,  which  in« 
dicato  a  commencement  of  decompofition,  is  evolved  at  a 
very  moderate  temperature. 

H.  If  the  evaporation  be  condnded  rapidly  the  extradtve  it 
opaqae,  dark  brown,  and  has  a  perceptible  tafie,  and  dele* 
queices  or  at  leafl  attrads  moiilure  when  firft  expofed  to  the 
atmofphere.  But  by  very  flow  evaporation  I  have  obtamed 
it  in  fine  femi-tranfparent  brown  fcales,  which  are  infipid, 
brittle,  and  not  altered  by  expofure  to  the  air* 

5.  This  extradive  diflblves  readily  in  water,  but  not  in  al-  SotuUeuiwitert 
cobol.     If  it  be  repeatedly  diflfolved  in  water»  and  the  foln-*  ^J,'"'  "*  ***** 
tions  evaporated  to  drynefs,  a  fmall  portion  of  it  becomes  in- 
(blnble  in  that  liquid ;  but  the  greater  part  continues  folnble 
after  the  procefs  has  been  repeated  occafionally  even  fior 
months. 

4.  This  extradive  is  precipitated  from  water  by  moA  of  the  Pitdpit.  hy 
metallic  (alU  and  by  feveral  of  the  earthy  folutioos.  "^^  ^^^ 

It  is  thrown  down  in  brown  flakes  by  lime*water  firontian 
water  and  alum.  Barytes  water  deepens  the  colour,  but  oc- 
caiions  no  fendble  precipitate;  nor  is  any  precipitate  pro- 
duced by  filicated  poCafs  or  the  magnefian  (alts. 

It  is  precipitated  brown  red  by  the  nitro-muriate  of  gold, 
the  nitrate  of  iilver,  mercury,  lead  and  bifmuth,  and  bj  the 
moriate  of  tin  and  antimony.  When  mixed  with  the  infufion 
of  litmus,  the  colour  becomes  red.  Ammonia  reflores  the  ori- 
ginal coloar,  and  at  the  fame  time  throws  down  a  copious  blue 
lake. 

5.  When  a  current  of  oxymuriatic  acid  is  palled  through  -^l>y  ox.  mur. 
the  infiiiion  of  pepper,  the  brown  colour  is  fpeedtly  converted  ^ 

into  a  pale  yellow,  and  the  extradive  precipitates  in  white 
flakes.  The  eafiefl  method  of  making  this  experiment  is  the 
following:  Put  a  quantity  of  the  hyperoxymuriate  of  potafli 
into  a  fmall  retort,  having  a  long  neck  (or  a  flaflv  provided 
with  a  beot  gimli  tube  ground  into  it)  and  pmir  upon  it  a  por. 

tion 
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^^^T  lion  or  muriatic  acid.     Lei  ihe  infufion  of  pepper  be  pul  into 

^^^1  a  tall  glaft  velTel,  and  plimge  the  beuk  of  the  retort  to  ihe  bot- 

^^^1  torn  of  it.     A  current  of  oxymurialic  arid   ii  difengajtcd  from 

^^^B  llic  Gtlti  and  patTes  in  bubbles  ihruugh  ihe  inlulion  fur  a  funft- 

^^^B  der^ble 

^^^H  "  When  animonia  is  added  to  the  infulian  ll>ii<  made  white, 

^^^H  Ihe  original  red  colour  i)  rellureil.     Tiie  white  flakes  precipi- 

^^^^F  taled  by  uxyniurialic  HciJ  gas  are  infuluble  in  eold  water. 

^^^Dttoflion  of  V.Thai   pepper  contain!  a   fpccies  of  iiarch,   I   cunclude 

pepper  .fforils      f^^^   ([^^  following  experiment,   which  1  have  fretjiienlly  re- 
cip,  iblubie  \n     peateil.     When  the  decoction  of  pepper  Ik  milled  with  the   in- 
hot,  bui  not  in    j^jjon  „f  nut-galU,  a  copioui  precipitate  falls  in  reddiOi  brown 
flakes.     If  thii  liquid  be  heated  to  the  lemperalure  of  about 
I'iO',   the  precipitate  i*  rc-dilTolved,   but  appears  again  when 
ihe   folution  cool*.     Now  the  onljr  fubiljnce  whicb    poni-'lfe* 
the  properly  of  forming  with  tan,  a  precipiialc  nearly  infoiuble 
in  cold  water,  but  very  foluhle  in  hut  waler,  ii  liarth.     Tan 
^  indeed  throws  doun   gluten,  but    Ihe  pieclpilate  i;  nut  re-dtf- 

I  hived  in  the  application  of  heal.      It  throws  down  canutdiottc 

and  fome  of  lliK  gum-refiiii,  but   tlie   prccipilale  it  fcanly  and 
probably  owing  to  the  extraneous  matter.     The   pieiipitats 
which  it  ffirms  with  gelatine  and  albumen  cannot  even  b>  the 
niofi  carclefi  obferver,  be  confounded  wiih    the  rompnunil  of 
Thii  prapcrt;  it  Itarch  and  tan.  'But  befirlei  this  properly,  which  I  conlideraa 
duf.arri!lie  oi'cbaraaeriftic,    the   flarcli   of    pep]>er,   agreei   wjih    cnmiuon 
Iiarch   in  the  plienomena  which  it  exlubils  willi  the  diffurenl 
chemical  reagenh. 
Pbcnmneniof         A*  tliefe  phenomena  have  ilol  yel  been  detailed  by  riiemical 
ftirch  wiih  n-     v,,j|er!i,  it  may  be  necelTary  to  give  a  (horl  Iketcli  of  thum  in 
'*"   '  this  place. 

Stireh  noteiHT)       '■  Starch   is  one  of  ibofe  vegelable  bodies  llial  are  leafl  Ii- 
itcorofolti.        able  lo  decompnfilion.      It  ronltilutes  one  of  the  mod  import- 
ant arliclex  of  food,  and  actt  an  important  part  in  Ihe  produc. 
lion  'if  Fermented    liquors.     Tlie  obvious  properties  of  com- 
mon flareh  ore  loo  wtrii  known  lo  requite  any  defiriplion. 
I  Not  folnWt  fB         2.  Neither  alcohol  nor  eiher  nor  water  are  capable  of  dif- 

l  i'^^^'/'*'"'     fol'-irtg  il.      The  laft    liquid  when  aOifted  by  a  bn.ling   heat. 

I  readily  unites  with    il,  and  forms  a  kind  of  jelly,   which  may 

'  be  di^lifed   through  boiling  water;  but  when   the  mixture  it 

allowed  to  (land  a  fufficienl  time,   the  (larch  (lowly  precipiiales 
lo  the  botlom.      By  drying  the  compound  of  fiarch  and  water, 
a  brittle 
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•  brittle  (iibftaiice  is  obtained,  6'tffeTm^  in  appterance  Gront 
common  ihirch»  but  exhibiting  Jiearly  the  fame  properties  with 
reayenti>  The  apparent  difference  is  probably  owing  to  a 
portion  of  water  remaining  united  to  the  (larch. 

5.  When  (larch  is  triturated  with  the  hot  infuiton  of  nut-"-Co(nplete1|r 
galls,  a  complete  folution  is  eflfeaed.     The  folution  is  ir^n(^^^^^^p^ 
parent  and  rather  lighter  coloured  than  the  infufion  oF  galls,  and  precip.  bj 
When  cold  it  becomes  opaque,  and  a  copious  curdy  precipi-*^^' 
tate  liillt. 

The  infufion  of  nu(-^lls,  which  I  am  accudomed  (o  em-The  nfolioatC 
plojr  in  all  my  experiments,  except  when  the  contrary  is  ex-  {^  ^  m  pf^sw* 
prefsly  mentioned,  is  made  by  boiling  together  one  part  of 
galls  in  coarfe  powder  and  two  parts  of  water  in  a  glafs  retort* 
When  cold,  the  liquid  part  is  decanted  into  a  glnfs  phial.  It 
is  at  firft  muddy,  and  opake ;  but  on  (landing,  a  fediment  falls, 
and  a  tranfparent  liquid  remains  of  a  deep  brown  colour, 
which  conditutes  my  infufiim.  An  ounce  meafure  of  this  in- 
fudtm,  when  evaporated  to  drynefs  in  a  glafs  vefTcl  placed  on 
a  tin-plate  box,  heated  by  fleam,  leaves  a  brown  rcddue, 
which  weighs  68  grains.  This  refidue  con(ifls  chiefly  of  taq; 
fbr  thegrealcfl  part  of  theextradive  gradually  feparates  from 
the  infufion  in  the  dale  oK  a  brown,  tough,  imperfectly  folu- 
ble  membrane.  Neither  extra&lTe  nor  pure  gallic  acid  has  any 
effed  upon  thedeco6lion  of  darch.  Hence  th#  precipitate  it 
obvioufly  produced  by  the  fole  a6lion  of  tan  upon  the  darch. 

4.  Twenty-four  grains  of  flarch  were  triturated  withhalf  anEzperimeotor 
oonce  meafure  of  the  infufion  of  galls,  and  mixed  with  about-*  V^I^^Jtl- 
five  ounce.'*  of  hot  water.  A  complete  folution  took  place; 
but  on  cooling,  the  liquid  became  opaque,  and  a  precipitate 
fell,  which  dried  by  a  deam  heat,  weighed  35  grains.  The 
refidual  liquor  had  a  light  yellow  colour  and  an  adringent  tade. 
When  evaporated  to  drynefs,  it  left  a  refiduum  that  weighed 
17  grains.  This  refiduum  contained  darch,  for  it  was  not 
completely  foluble  in  alcohol.  In  this  experiment  fome  lofs 
mud  have  been  fudained  during  the  trituration.  For  the  folid 
matter  obtained  weighed  only  52 grains;  or  ^\\  grains  lefs  than 
the  24  grains  of  darch  and  the  34  grains  of  folid  matter  in  (he 
infufion  of  galls.  The  following  is  more  to  be  depended  on: 
After  various  trials,  I  found  that  darch  and  tan  are  capable  of 
uniting  in  different  proportions.  But  the  precipitale  is  lead 
foluble  when  \  oz.  meafure  of  infufion  of  galls  is  ufed  for 
every  2\  grains  of  ilofch. — I  took  24  grains  of  darch,  boiled 

them 


ibem  in»  Aaih  wlih  five  □unces  of  water,  and  Lben  added  juzi 
mesfure  of  ihe  infufion  of  gail*.  On  cooling,  a  copJou*  pte- 
cipiUte  fell,  and  the  liquid  remained  only  faintly  coloured^ 
The  precipitale  dried  in  a  fleam  heal  weighed  3 1  ^''^'OS  *nit 
the  refidual  liquid  lell  11  giaint  of  refidue.  The  whole 
amounted  to  VZ  grains ;  which  i*  very  nearly  eifual  to  the  2* 
gratni  of  llarcli  and  17  of  tan  employed;  the  compound  in  this 
cafe  conlilli  of 

iS.5   ftarch,  or  nearly   3  (larch 

4'!.^  Un  -    -    -    -     2  tan 
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The  compound  of  Aarch  and  tan  is  of  a  light  brownilh  yel- 
low colour,  femi-tranfparent  and  brittle,  and  hat  a  good  deal 
(if  refemblance  to  common  (arcocoll.  Its  lafie  ia  aflringetit ; 
it  feels  glutinous  between  [he  leelh,  like  gum.  It  is  very  im. 
perfealy  fuluble  in  cold  water,  but  hoi  water  diflblves  it  abun- 
dantly. Alcohol  digelled  on  it  atquiies  a  biowii  colour;  but 
is  incapable  of  feparaling  the  whole  of  the  Ian  Irom  ihe  ftarch. 
When  healed,  ii  froths,  Tiells  and  melli;,  and  then  burn«  will) 
■  clear  flame,  leaving  like  llarch  a  fmall  portion  ol  while  allies 
behind  it. 
Infufion  of  ftiidi  0,  To  afcerlain  llie  effefl  of  ihe  earths  and  metallic  oxides 
^th'— *''  ""  fiarch,  an  infufion  of  it  was  formed  by  triturating  24  grains 
of  ftareb  with  +5  ounces  of  water,  and  then  boiling  the  mix- 
ture for  fome  time.  Tliu  decoftion  thus  formed,  is  neatly 
Iranfparent,  and  of  a  (light  opal  colour.  When  fet  afide,  at 
leall  a  month  elapfes  before  Ihc  ftarch  begins  lo  fubfide. 

When  lima  water   is  mixed  with  ihis  di.:coflioi),  no  change 
is  produced;  neither  i%  any  perceptible  alteration  otcafioned 
by  (Ironti^  water:  but  batylea  water'  throws  down  a  copious 
white  flaky  precipitate.     This   piecipitate  is  re-dilTolved  by 
muriatic  acid,  but  appears  again  on  (landing  unlefs  a  con&der- 
able  e^cefs  of  acid  has  been  added.     Yet  niuiiale  of  barytes 
occaRons  no  change  in  the  decoflion  of  ftarch. 
vwiih  nttaHle       >Io  metallic  fall  feems  lo  have  the  efief)  of  throwing  down 
(ill.:  no  (Sea.  ^^^^.j^  (^^^  -^^^  decoclion.     Tiie  following  were  tried: 
Nitro-muriateof  gold,  platinum; 
Nitrate  of  filver,  mercury,  lead; 
Muriate  of  tin,  acelitc  of  lead; 
Salt)  of  copper,  iron,  zinc; 
Ammonialcii  nickel  and  cobalt. 

e.  When 
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.•■61i  When  poUHi  i>  triturated  with  flafch,  and  a  fmiU  quatj-  ' 
tilgrfif  wftter  kdded,  ibe  wliole  alTumea  on  landing  Ihe  ap- 
pmsnce  of  ■  fern  i- 1  ran  fpa  rent  jelly.  On  adJiof;  water,  an 
opai  cvlou red  folu lion  is  obtained,  from  which  the  llarch  iiiea- 
ddy  thrown  down  by  an  add.  When  muriatic  acid  ia  em- 
ployed, ■  peculiar  aromatic  odour  it  exhaled. 

When  iheinfufionor  gallt  it  dropl  into  the  rolDtionoTftarch 
in  poufs,  a  yellowijta  white  precipitate  appear:!,  but  i(  imme- 
dialely  re-diflbived,  and  the  liquid  remaini  opake  and  of  a 
dark  brown  colour.  On  adding  muriatic  acid,  a  copious  pre- 
cipitate falls,  referobling  the  compound  of  flarch  and  tan.— 
Nitric  acid  occaGons  no  precipilale,  neither  doe^  ammonia. 

The  decoflion  of  ftarch  ii  neither  altered  by  poiafh,  carbo- 
nate of  pOtaOi,   nor  ammonia. 

7.  Sulphuric  acid  diiTulves  flarch,  and  abundance  of  char.  TRitmeni  of 
coal  ii  precipitated.  Diluted  fulphuric  add,  when  affifled  by  ^^."'^i'^i^. 
heat,  dilTolves  it  without  decompo&lton.  Sulphureous  acidiion.  Scpmtisa 
ha*  no  effefl  upon  it.  InfaTol'ori^^ 

Diluted  nitric  acid  drli  reduces  Harch  to  powder,  and  then  nnt  tScEted  bj 
diflblves  it,  with  the  CKception  of  fome  waxy  matter,  which  !?''*''"■ 

,    .  L      ,-     r  ^      ■  ,      1-  1     ■  ;  ■.  Soreh  diflblTed 

fwnni  on  (he  furface.     During  the  folulion,  fome  nitroiu  gat  [,j  the  u 

in  exhaled.  minenl  I 

Strong  muriatic  add  dilToive*  ftarch  flowly,  and  without  ef-  °™"* 
fervefcence.  When  the  llarch  docs  not  exceed  ^  of  the 
acid,  the  lolulion  is  coluurlefs  and  iranfparent,  but  if  we  con- 
ttiNte  to  add  Rarch,  a  brown  colour  foon  appears,  and  the  acid 
lofes  a  portion  of  iti  liquidity.  Ii«  peculiar  fmdl  is  defiroyed, 
and  replaced  by  the  odour  which  dininguitlies  corn  mills. 

Acetic  acid  does  not  dilTulve  liarch. 

8.  Alcohol  fepaiates  ftarch  injurt  fiom  ilsdecoflion.  FolaH) 
dilTblved  in  alcohol  occarioni  a  copious  while  precipitate, 
which  ii  rc-dilTolved  on  adding  a  fDllicienl  quantity  of  water. 
Alcohol  digefted  on  fulpbutet  of  polafs,  occafions  a  Oaky 
predpilatc  in  the  decoction  of  Aarch:  this  precipitate  ha* 
Ibaieiimef^  an  orange  colour. 

Such  are  the  propertlei  of  common  flarch :  Ihe  fiarch  ofsurch  of  pappei 
pepper  pofTelfM  them,  excepting  only   that  the  colour  of  ili''"''".!'""!"* 
piecipilate)  is  peculiarly  mutliBed  by  Ibe  other  ingredients 
pepper,  from  which  il  is  not  pofhble  to  free  Ihe  liarch  com- °^  ■'"''*  P'PP"^ 
pletely.  """ 

A  »eij  confiderable  portion  of  the  pepper-corn  feem: 
QWtft  gf  flarch,  chiefly  united  tolheoil  of  pepper.     When  a 
peppef. 
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in  two,  we  find  f(  compofcd  of  two  codls, 
lUterniod  brOM'ii  ltirivi.<lled  cnal  is  eallly  feparated  by 
Deeping  ihe  pepper  in  watcf.  Tlie  fecond  cnal  is  modi 
Ibtnner  and  lighter  coloured  }  H  doei  nol  fcpotaie  by  macer- 
ation. Beneath  iliit  coal  i%  a  thick  zone  ot  pule  gteen  mai- 
ler, apparently  flareh  uniied  to  oil.  This  h  fucceeded  by  a 
Ihin  vellow  zone,  feemingly  of  nearly  llie  fame  compofitinn. 
Wilhiii  thiiUa  fmail  fplieiical  fpace,  fomcllmei  hollow,  but 
mod  commnnly  (illed  with  a  foil  while  fubdance  like  the  pilh 
of  trees.  All  llic  KonL'S  have  the  peppery  lalle.  The  outer 
coat  lias  the  flavour,  but  lilUeol  the  heat  of  pepper. 


Later  from  the  Abbi  Botit  on  Mr.  Rome'  de  Lisk 
llie  Abbi  Haoy'i  -BieoHts  "f  Crj^flaUosraphy. 

(Condgded  fcum  p.  3;.) 


:  mentioned,  on  the  h&,  thai 

iated  by  plain  furlac 


SYNTHESIS  if  grounded, 

all  well  furmed  cryllals  are  tei 

mitirt  fornii:     Since  there  cxift  priiuilive  forms,  there  muH  alfo  be  fecond- 

ary  forms  for  the  one  fiippofei  the  exiflence  of  Ihe  other. 

„,4j^.  The  fticondary  forms  are  fudi,  that  fedion*  can  be  made  only 

parallel  to  the  fides  of  the  piiroilive ;  and  when  Ihe  piimilive 

has  bieo  produced  by  Ihefc  ftdions,  the  divilion  being  conli- 

iiiied  tlic  integrant  particles  are  obtained. 

nofthe  1"'"^  mineralogical   analylii  defcends  from  the  fecondary  to 

idureof       Ihe  primitive  form,  and  from  the  latter  lo  the  integrant  par- 

ory'thcQie      'i^'*  J  j""^  fo  llie  mineralogical  fynthefisafcendi  from  tlie  inte- 

ilting.  grant  particle  to  the  primitive,  and  from  thence  to  the  fecond*- 

ary  forms.    A  cryliallineedifice  ii  ihertlore  ratfed  by  means  of 

ibe  inlegiant  particles.     What  are  the  lawi  of  thi!  cxtraord'- 

nary  ardiilcclure?   Bylaws   I   mean   the  difiiofilion  of  die  la. 

mitiac,   not  the  means  employed  by  nature  lu  execute  the 

curious  Ilruaiire. 

Laws  mud  exifi,  1(1,  for  ihc  formation  of  the  priroiiive. 
and  2(lly,  for  the  connru^ion  of  the  fecondary  form,  llic 
primitives  are  either  fimilar  lo  thnr  integrant  particles,  or 
lliey  are  nit,     II  they  are  not,  their  forms  muH  be  parallelopi- 
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pedobi^  «nd  th«r  laws  of  formation  very  fimple;  for  there  Laws  of  the 
will  be  the  fame  number  of  infefrrant  particles  in  each  row,  as  ^^^^ 
there  are  rows  in  each  lamina,  vrn  there  are  laminx  in  the  pri-  theory  cheace  ' 
aitive  forta.  It  is  eafy  to  conceive  that  all  the  joints  perfcai)  re^»W«i- 
coiocide  with  each  other,  and  form  continued  planes ;  neither 
will  tliere  be  any  vacuity  left  between  the  particle.^.  If  the 
primitive  be  noi  (imilar  to  the  integrant  particle,  then  the  fim- 
plicity  of  the  former  cafe  difappears.  I  have  already  .Aatcd 
ihat  there  are  three  forms  of  integrant  particles;  the  tetra- 
edron,  the  triangular  prifm,  and  the  parallelopipedon.  There 
are  aift>  fix  primitive  forms ;  the  parallelopipedon,  the  o6lae- 
dron,  the  tetrae.iron,  the  regular  hexaeJra!  prifm^  the  dode. 
caedron  bounded  by  rhombs  all  equal  and  (imilar,  and  the 
dodecaedron  with  triangular  fides  and  formed  by  two  right 
pyramids  united  bafe  to  bafe.  Of  thefe  fix  primitive  forms 
there  are  only  the  parallelopipedon  and  the  regular  bexa^dral 
prifm  that  can  exadly  fill  up  a  fpace  without  leaving  any  va- 
cuity. Ttie  integrant  particles  of  the  former  are  parallelopr- 
pedons;  of  the  latter,  triangular  prifms*.  As  to  the  other  four 
primitive  forms,  their  integrant  particles  are  tetra<fdrons.  The 
dodecaedron  bounded  by  rhombs  is  produced  by  twenty-four 
fimilar  tetraedrons  without  any  vacuity  between  them  ;  the 
odaeJron  and  tctraeJron  are  formed  by  tetraedrons  leaving 
od^aedral  vacuities;  and  the  dodecaedron  bounded  by  tri- 
angles, to  be  formed  of  tetrae  irons,  mufi  imply  fedions  pa- 
rallel to  more  than  fix  planes ;  whic  h  perfectly  coincides  with 
ubfervation. 

Thefe  vacuities,  whofe  exificnce  mufi  be  admitted  in  the 
integrant  particles,  as  well  as  between  thofe  particles  when 
forming  a  primitive,  give  rife  to  the  following  refledlions : 

When  the  elements  of  a  fubflance  are  chemically  combined, 
■that  fubfiance  is  homogeneous.  Let  us  fuppofe  a  cryfial  of 
fuch  a  fubfiance  to  be  fubdivided  into  fmall  parallelopipedons 
equal  and  fimilar ;  as  the  fubfiance  is  homogeneous,  and  thefe 
little  parallelopipedons  having  no  vacuities  between  them,  it 
is  evident  the  elements  that  compofe  them  are  equal  in  number 
and  proportion.  We  will  next  fuppofe  the  cryfials  of  this  fuh. 
fiance  can  be  divided  by  feclions  parallel  to  fix  planes.  In 
that  fuppofilion,  nineteen  or  twenty  different  fpecies  of  pa- 
rallelopipedons can  be  produced.  Among  thefe  fpecies  fome 
will  be  fimilar,  others  not ;  but  none  of  the  fpecies  will  be  ex- 
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■aiy  parallel  to  each  other.  Wc  will  proceed  on  two  fimiiai 
cryDals  or  the  Tame  fubftance  and  equal  in  rolidit]',  dividing 
the  lirll  into  one  fpeciesi  the  other  into  a  dilTerani  fpecies,  of 
psrillelopipcdona,  equal  in  Colidily  but  not  in  furface ;  and  let 
the  divifion  of  each  be  pufhed  lo  its  ialt  term.  But  ai  we  are 
COtne  by  fmooth  feftions  lo  parallelopipcdons  of  difTcrenl  fpe- 
lOet,  thofe  fedions  have  alfo  produced  their  differences:  bat 
hy  fuppofition  ibefe  parallelnpipedons  are  the  refult  of  the  IbH 
pollible  term  nf  dividon  without  denroying  the  chemical  com- 
pofition,  and  being  equal  in  folidity,  though  not  in  furface, 
they  cannot  contain  each  other ;  therefore  if  their  diRercnces 
are  t]ot  integrant  parts  of  bulh,  ihefe  ditferences  mult  ceafe  to 
be  homogeneous,  and  we  come  lo  a  fort  of  chemical  decom- 
pofuion.  It  jB  liuc  we  cannot  execute  this  exceffive  divilJon, 
but  we  can  form  a  very  correal  idea  of  ii.  If  the  little  paral- 
lelopipedons  contain  two  forts  of  elements,  their  dtfierencea 
will  alfo,  but  alfo  in  ttiffereiil  proportions;  and,  fir,  if  you 
will  turn  to  Benhollel's  Peftarckei  on  the  La-Jia  nf  Affimtit), 
you  will  fee  him  in  all  his  experiroents  proving,  that  however 
perfeflly  a  clieraical  decompolilion  may  have  been  made,  Ihe 
refulls  will  always  contain  a  certain  portion  of  thofe  fubflancea 
ironi  which  it  was  the  object  uf  the  operation  to  feparatc  them. 
If  thefe  refleflioni.  Sir,  are  well  grounded,  do  they  not  give  ' 
Ui  hopci,  and  perhaps  (liow  llie  pofTibiliiy,  of  defcending  from 
the  integrant  particle!  to  the  conftiluenl  parliclei  ?  This  fe- 
Cond  refearch  is  of  the  fame  nature  as  the  (irft.  U  is  more 
than  probable  lliat  the  conDilucnl  particles  themfelves  are  di- 
viGhle,  having  no  determined  figure,  but  are  aggregation!!, 
fijbJeS  lo  the  fame  laws  as  the  integrant  particles.  The  objed 
of  the  natural  philofopher  is  not  to  difcover  the  forms  of  the 
ultimate  particles,  but  to  determine  their  tefpefiive  pofitions ; 
which,  if  ever  they  could  be  delentiined  in  the  integrant  par- 
ticles and  their  component  parli,  the  grand  problem  of  chemi- 
cal affinities  would  be  fully  folved  ;  and  Ihould  fuch  ever  be 
Ihe  cafe,  to  the  Abbd  Hauy'«  theory  would  be  due  (he  merit. 
The  EiKyclapatiUa  Brilannica,  under  life  article  Ckemifiri/,  in 
the  Supplement,  p.  396,   fays; 

"  This  theory,  to  fay  no  more  of  it,  it,  in  point  of  inge- 
nuity, inferior  to  few ;  and  (he  mathematical  (kill  and  induflry 
of  ill  autlior  ate  entitled  to  the  greatufl  applaate. 

"But 
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'-  **  But  what  we  confider  as  the  moft  important  part  of  tliatl^wt  of  die 
phaofopher's  labours,  is  Uie  method  which  they  point  out  of^^^^ 
^ifeoyeriog  (he  figure  of  the  integrant  particles  of  cryftals  ;theoi3r  thtoct 
beeapfe  it  may  pave  the  way  for  caJculating  the  affinities  oi'^^^"^ 
IndieSf  ;which  is  certainly  by  far  the  mod  important  part  of 
diemifiry.     This  part  of  the  fubjed,  therefore,  deferves  to 
be  invefttgated  with  the  greateft  care.'' 
-    But  I  return  to  the  point  whence  this  digreffion  carried  me, 
to  the  vacuities  left  between  the  integrant  particles  in  the  con* 
ftnidioD  of  a  primitive  form.     The  Abb^  confiders  them  as 
filled  either  by  the  water  of  cryflallization  or  by  fome  other 
fobflanoe.     It  is  not  an  adroiffible  fuppoiilion  (hat  this  other 
iiibflance  is  compofed  of  the  fame  elements  as  the  integrant 
particles,  but  in  difierent  proportions?  At  lead,  fuch  is  the    . 
cooclu6on  I  fliould  be  tempted  to  draw  after  reading  BerthoU 
lel'a  excellent  Kefearches  on  Affinities, 

I  (ball  now  proceed  to  the  laws  of  formation  in  fecoiidary 
cryflals.  It  is  eafy  to  deduce  them  from  theCe  two  fads :  viz* 
1ft,  That  the  fides  of  the'fecondary  cryilais  are  planes ;  2dly^ 
That  they  divide  by  fmooth  fedions  parallel  to  the  iide$  of 
their  primitive  form. 

Let  us  take  a  rhomboid  of  carbonate  of  lime  for  example. 

If  oo  one  of  the  fides  of  the  rhomboid  I  wifiied  to  raife  a 

pyramid*  I  ibouJd  lay  laminae  of  rhomboidal  particles  upoii 

each  other.     Thefe  laminae  would  decreafe  in  furface  until 

ihe  lad  is  reduced  to  a  fingle  rhomboid.     Thus  the  fecond 

Jamioa  contains  fewer  particles  than  the  fird,  the  third  fewer 

than  the  fecondi  and  fo  on.     As  tiie  faces  of  thefe  pyramids 

are  always  to  be  pUnes,  the  fuccedive  decrements  of  the  la* 

Biioae  mud  be  eqoal ;  that  is  to  fay,  the  fecond  Umina  is  lefs 

by  one  range  in  every  diredion  than  the  fiid,  and  the  third 

than  U>o  fecond,  &c.     If  the  decrement  is  more  rapid ;  that 

Js  to  fay,  if  two  or  three  ranges  are  fubtra6ted  in  the  fecond 

lamina,  the  (ame  number  will  be  fubtra^^ed  from  the  third, 

and  (b  on  fuoceffively  till  the  pyramid  is  completed.     As  the 

fedions  are  to  be  fmooth,  the  joints  mud  form  one  continued 

plane;    therefore  the  ranges  and  even  the  particles  at  the 

joints  mud  not  eooroach  on  each  other :  hence  it  follows  tfiat 

the  number  qfrange$  JUcceffitely  JUbtra^ed  from  CQch  lamina  can 

merer  be  incommenfurable ;  that  is  to  fay,  the  decrement  may 

be  1|  2,  3,  4^  Sec;  but  never  ^2,  y^S,  &C4 
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Thefe  ate  Ihe  decreiDenti  parallel  lo  tlie  edges,  or,  st  the 
Abli6  calls  iheni,  de^reintnit  m  the  edgea.  Bui  ihey  may 
lake  placein  apatalld  witli  tlie  diagonal  of  Ihe  laces  of  the 
primitive  i  they  ate  then  called  dccremei'ts  on  ilie  angles,  be- 
caiife  ihe  diagonals  ate  drawn  I'lom  one  angle  to  llic  oppofita 
■ngle.  This  focond  fpedes  of  decrero  t  follow  the  faine 
law^  as  the  firft. 

There  is  a  third  (pLcies,  called  by  ou  au  hor  n  c  -mediaU 
decrements.  In  ihn  cafe  Ihey  are  neiihe  pa  allel  o  he  edge* 
not  to  the  diagorjla  of  the  faces,  bul  n  e  me !  ale  lines, 
which  if  ptfj longed  would  inierled  bo  he  edj,e  and  dia< 
golials,  bul  olherwiCe  Ijiey  Ibliow  th(^  fame  lawi  as  the  two 
firft.  It  is  a  geiieral  law,  theiefore,  thut  in  alt  cufa  the  Janune 
decreaji  in  urilhmelical  pro^rqfion,  and  its  ratio  or  Ike  number 
qf  ranges  fubtiaSed  it  always  cummcitfaritble. 

The  particles  of  wliu.li  llie  laminic  are  compofed  are  lu  be 
conCdercd  as  parallelopipedoiis ;  not  that  the  integrant  par- 
ticles always  have  this  figure;  bul  if  they  have  it  nol,  Ihey 
njuft  leave  vacuities  between  ihem.  and  each  vacuity  being 
added  lu  its  coirefpondiiig  panicle,  will  complete  the  piirBi- 
Iclopipcdoii.  If  this  was  nol  ihe  cafe,  the  tacej  of  the  fecond- 
ary  crylluls  would  not  be  planes,  nor  could  ihey  be  I'plit 
finoothly  in  any  direaion.  Tliefe  liule  parallelopipedoni 
which  compole  the  lubirafled  ranges  are  what  1  called  above, 
alter  our  author,  fabtruciive parlii ks, 

1  fuppofed  the  conilrudion  of  Ihe  fecondary  form  only  to 
lake  place  on  one  of  the  faces  of  the  rhomboid;  but  what  was 
laid  relative  to  thai  face  is  applicable  lo  all  the  olhers.  It  i'^ 
alfo  lo  be  remarked  that  diffurenl  laws  ofdectement  may  afTeA 
the  dillerent  laces;  even  further,  different  laws  may  fuccef- 
Cvclj  alfccl  the  fame  face,  Henc-e  a  diverfity  of  forms  arife 
fcatccly  ctedible  to  a  perfon  unacquainted  with  the  do%ine  of 
CDmbinations.  The  Abbt-  Hauy  has  calculated,  "'that  con- 
fining one's-felf  to  decrements  by  I,  2,  3,  or  +  ranges,  and 
not  taking  inteimediale  or  mixi  decrements  info  accouni,  Ihe 
rhomboid  Is  capableof8,1'24.,60+ varieties  of  cryflallincfornn. 
It  is  an  important  remark,  that  whuievet  may  be  Ihe  varieijr 
of  form,  the  fotras  (in  complete  cry  Hals)  will  always  be  fym- 
metfical.  There  are  two  forts  of  fymmelry,  ihe  perfefl  and 
imperftfl.  In  Hie  pcrlecl.  the  tight  is  fjnimelrical  with  Ihe 
left,  and  the  lop  wiUi  ihe  bottom ;  but  in  the  iaperfea,  th* 

top 
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top  it  not  fymmetrical  with  the  bottom.    This  latter  fpecies  of  Lawt  of  the 

fymmeiry  appears,  by  general  obfervation,  to  be  exciufively  cry&^Md 

appropriated  to  cryflals  that  become  eledrical  by  heat ;  that  theory  thcnet 

is  to  fay,  which  being  expofed  to  the  heat  of  the  fire,  or"^'*^'*"** 

plunged  into  hot  water,  acquire  the  electric  power.     Thefe 

ciyilali,  the  tourmaUne,  for  example,  acquire  a  pofitive  elec« 

tricity  on  one  tide,  while  on  the  fide  diametrically  oppoiite 

Iheir  eledlricity  becomes  negative;  and  all  obfervations  hi- 

Iberto  made  give  us  reafon  to  conclude  that  thefe  (ides  are 

never  fymmetrical,  and  are  always  produced  by  different  or 

fewer  laws  of  decrement.     "  Hence/'  fays  the  Abb^,  **  by 

mere  infpe^ion  it  is  eafy  to  point  out  which  is  the  fide  that 

wilt  give  the  pofitive  and  which  the  negative  eledtricity." 

(Vol.  i.  p.  237.) 

The  afioiiifiiing  variety  in  (he  cryfialline  forms  leads  us 
naturally  to  a(k,  What  can  be  the  caufe  of  this  variety  ?  This 
qoeftion  has  not  been  treated  by  the  Abb^ :  allow  me.  Sir, 
to  fubmit  a  few  ideas  on  the  fubje^l  for  the  opinion  of  mathe- 
maticians. 

FirA  caufes,  I  repeat,  are  not  the  obje^  of  this  difcuffion. 
I  fiate  the  queftion  thus :  Why  does  the  fame  fubje6^  cryfiaU 
lize  in  fuch  a  variety  of  forms,  always  fymmetrical  and  always 
terminated  by  planes? 

The  folution  of  this  quefiion  feems  to  require  three  condi- 
tions: Ifl,  That  the  particles  of  the  fubflance  difiblved  in  tho 
fluid  all  leave  the  fiate  of  red  at  the  fame  indant,  to  form  the 
cryftal  by  their  aggregation  :  2dly,  That,  while  thefe  particles 
are  in  the  adt  of  drawing  near  to  each  other,  no  foreign  power 
Aall  imprint  on  them  any  other  motion  than  a  common  motion, 
whether  it  be  in  a  firaight  line,  or  rotary  round  their  common 
centre  of  gravity  :  3dly,  That  the  particles  all  arrive  at  the 
flate  of  reft  at  the  fame  inftant,  which  takes  place  when  the 
ad  of  cry  flail  ization  i^  finifhed.  The  fecond  condition  is  ne- 
ceflary,  and  infers  the  firfl  and  third.  The  natural  confe- 
qaence  of  thefe  conditions  will  be,  that  the  aggregation  of  the 
particles  will  only  take  place  conformably  to  a  law  ading 
equally  on  all  of  them,  whatever  may  be  the  law. 

Since  they  all  leave  the  (late  of  reii  at  the  fame  inflant,  they 
are  in  equilibrio  previous  to  that  inflant.  Since  they  all  arrive 
at  the  flate  of  reft  at  the  fame  inftant,  they  are  in  equilibrio 
alter  that  inflant :  but  when  particles  that  are  aded  upon  by 

G2  no 
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no  other  force  than  that  which  they  eitercife  on  each  olher. 

are  in  equUibrio,  they  are  in  the  clofeft  poflible  union  that 
conconiilant  circ  urn  fiances  will  permit.  If  the  particles  were 
in  equilibrio  previous  lo  their  leaving  llie-ftate  of  reft,  fome- 
thing  muft  have  obflruAed  their  approach.  Let  lis  fuppofe 
thtl  Jbmtthing  lo  be  Ihe  inlerpofilion  of  another  fubftance,  and 
that  To  long  as  the  interpofilion  remains  <;quilibriu(n  is  maiu* 
tained.  But  this  can  only  be  the  cafe,  in  as  much  as  the  whole 
of  the  particles  of  the  inlerpofed  fubllance  are  in  equilibrio 
with  the  whole  of  the  particles  dilfolved  and  about  to  leave  the 
ftaie  of  reft,  which  in  the  future  I  fiiali  call  the  /iro/»er  pariides. 
If  by  any  caufe  which  aas  uniformly  on  the  whole  furface  of 
the  dilTolving  fluid  any  of  the  interpofed  particle;  are  fub- 
tia6)ed,  the  proper  particles  mufi  ceafe  to  be  in  ecfiiilibrio.  A 
ftep  toward  aggregation  will  immediately  take  place,  and  the 
equilibrium  will  be  refiored.  A  further  lublraflioii  will  pro- 
duce a  further  Aep  toward  aggregation,  and  a  confequeni 
eciuilibriuin ;  and  ihefe  opemlions  will  be  repeated  fo  long  a« 
the  caufe  of  fubtra^ion  continue*:,  and  the  longer  its  duration 
the  larger  will  be  Ihe  rcfulting  cryllaltine  niafi.  If  Ihe  above 
mode  of  reafoning  be  admitted,  it  wi!l  fulhce  to  apply  llie 
laws  of  equilibrium  to  deduce  ihe  laws  of  cryftalline  forms. 
The  laws  of  equilibrium  to  which  I  allude,  are  Ihofe  of  the 
equilibrium  of  ttuids  wilh  certain  modifications  which  fhall 
hereafter  be  explained.  According  to  ihcfe  laws,  that  the 
preceding  conditions  may  lake  place  in  ihe  formation  of  a 
cryfial,  it  will  be  neceflary  thai  they  take  place  in  Ihe  forma- 
tion of  each  and  every  part  of  it,  whatever  may  be  the  figure 
or  the  fmallnefs  of  thofe  parts.  They  muft  alfo  lake  place  in 
thofe  lafl  cry (tala  which  contain  the  leaft  poflible  number  of 
particles;  and  as  Ihefe  particles  are  in  equilibrio,  and  in  Ihe 
greateft  poffible  (late  of  proximity  lo  each  other 
cumfiances  will  permit,  it  mufi  folli 
lions,  that  Ihefe  particles  form  a  fyn 
jiecaliar  difpofilion  of  the  cryftallii 
modtfi cation,  to  which  I  alluded,  ii 
brium  of  fluids ;  it  being  neceifary  in 


hich  cir- 
,  lofullil  all  thecondi- 
etrical  poljfedron.  This 
particles  con Ri lutes  the 
he  laws  of  the  cquiti- 
is  cafe  lo  lake  the  num- 
ber of  crjfialline  particles  into  account,  which  is  not  the  ca(e 
when  treating  of  tlie  particles  of  a  Duid.  In  a  fluid,  the  par- 
liclea  and  their  reciprocal  dtftances  are  fuppofed  infini<e)y 
fmall ;  but  the  cryffadUne  particlei  and  ibeii  diftances  lo  each 

other 
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Aber  ntsft  be  Tappoled  finite.    This  material  difierenoe  i^ill  Lawf  oTdte 
neceflarily  caoTe  a  difference  beiween  the  forma  of  their  aggre-  ^S^^ 
gales.    Thofe  formed  with  the  particles  of  a  fluid  will  be  tbiofy  ilMaft 
bounded  by  carved  lines;  the  crytblline  aggregates^  on  the <*^**l^"t* 
eoaliurjf  will  be  terminated!)/  flraight  lines;  and  when  tbefe 
ftraighl  lines  are  not  too  fa»iU  the  boundaries  will  be  fenfibly 


To  afcertain  what  the  power  is  that  holds  the  particles  in 
the  ftate  of  refl^  though  not  in  dofe  contad,  is  not  the  qoef- 
lion ;  bat  the  form  of  the  poly<klrons  which  they  produce* 
Tfae  clofer  adhefion  of  the  particles  to  be  obtained  bj  the  fub* 
tradion  of  caloric^  fulBciently  demonftrates  that  the  particles 
Are  not  in  clofe  contad  with  each  other,  and  the  oonflancy  of 
the  cryftalline  foritas  equally  proves  that  they  are  in  equilibrio* 
We  will  now  proceed  to  the  coii(lru6tion  of  a  cryfial  with 
fftefe  cryftalline  particles.     Tliat  the  conflancy  of  the  form  in 
the  large  cryflal  be  preferved,  the  particles  muft  be  in  eqoi* 
M>rio.    That  the  equilibrium  be  preferved,  the  forces  that  (o* 
iieit  the  particles  fo  inofion  mud  mutually  defiroy  each  other. 
That  the  mutual  deftrudion  of  thofe  forces  be  eflfe^ed^  tbefe 
forces  after  having  been  decompofed  into  other  rektively  pa- 
rallel to  three  axes  perpendicular  to  each  other«  and  having  a 
common  point  of  interfe6tfon,  mud  each  meet  in  its  direAioii 
another  force  equal  and  diametrically  oppofed  to  it.     This  will 
be  obtained  if  the  fimilar  particles  are  arranged  on  flraight 
Knes  parallel  two  and  two  at  equal  oppofite  diflances  from  the 
common  centre,  and  btfe€led  by  lines  paffing  through  that 
centre ;  but  if  the  particles  are  thus  arranged,  they  mufl  pro* 
ddce  fymmetrical  folids  bounded  by  planes;  and  they  are  thus 
arranged :  for  if  a  foreign  force,  an  excefs  of  caloric  for  ex- 
amplcy  does  not  impede  the  free  arrangement  of  the  particlea 
in  the  formation  of  the  cryflal,  their  exterior  difpofition  will 
follow  as  much  as  polfible  their  interior  arrangement ;  but  their 
interior  arrangement  mufl  be  on  flraight  lines,  or  the  cryflal 
would  ceafe  to  be  homogeneous;   their  exterior  difpofition 
will  therefore  be  on  flraight  lines. 

As  the  circumflances  giving  rife  to  the  approach  of  the  par* 
tkles  may  be  in  the  highefl  degree  variable,  it  mufl  follow 
that  the  forms  produced  may  be  diverfified  in  the  extreme. 
Such,  Sir,  is  the  anfwer  I  fl)Ould  fubmit  for  the  folution  of 
$xc:  queflion  propofed. 
-  •  «i  When 
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When  fpeakiiig  of  the  approach  of  Iho  proper  particles,  ' 
faid  that  it  might  be  nccafioned  by  the  fubtiafUon  of  ceitain 
inlerpored  partides  which  obHrufled  the  approach  of  the  pro- 
per particle).  The  former  are  generally  water,  caloric,  or 
any  fluid  elaliic  or  not.  Their  e^it  may  perhaps  make  place 
for  others,  fuch  as  light,  eleaticlly,  ^c.  Sic.  Bui  the  eften- 
tial  point  is,  that  whatever  Ihefe  particles  may  be,  they  are 
in  petfed  equilibrio  wi[h  the  proper  particleti,  oiherwife  they 
would  become  perturbing  forces.  Hence  ii  lollows,  that  not 
only  the  integrant  parliilcs  of  the  crjflal,  but  all  ihofe  that 
are  mixed  with  ihem,  the  chemical  or  componeri  pariiilei 
and  even  the  vacuities,  muft  follow  the  Tame  laws.  li  alfo 
follow»,  that  if  each  fpecies  of  parlicle.feven  the  chemical) 
that  enters  into  the  formation  of  the  cryRal  be  feparalely  con- 
Itdered,  each  fpecies  will  have  its  diftinft  lymmetrical  and 
polye.lrdl  form.  The  forms  will  penetrate  each  other,  while 
the  panicles  will  rot  only  not  penelrale,  but  not  even  touch 
each  other.  All  forms  would  ft.ind  in  the  fame  predicament 
as  Ihe  regular  oaaeilron,  which  contains,  as  the  Abbe  Ha'dy 
has  demonflrated,  <ix  regular  oflaedrons  and  eight  regular 
tetra£i.lroni,  each  tetrsedron  containing  one  oddcrlror)  and 
four  tetraedrons.  It  will  futlher  lollow,  if  the  chemical  ele. 
mcnls  can  be  looked  upon  as  particles  which  are  not  in  con- 
taft  with  each  oilier,  that  we  may  from  thence  mathematically 
determine  chemical  affinities. 

I  have  now.  Sir,  bill  one  talk  left ;  to  fpeak  of  the  appli- 
cation our  author  has  made  of  aljjebra  and  geometry  to  cryf- 
tailography.  Many  perlons  complain  of  the  difficulty  necef- 
farily  lefulling  from  it  in  the  l!udy  of  mineralogy  ;  and  dare 
not  engage  in  it,  uncertain  whether  they  will  find  a  compen- 
fation  for  their  Irouiile.  Our  author  has  therefore  adopted  a 
double  plan,  and  begins  by  expoling  his  theory  by  a  feries  of 
reafoningi  and  arguments  which  will  fuflice  to  make  the  reader 
underfland  it,  or  any  difcoveries  made  in  confequence  of  it. 
He  then  expnfes  the  theory  in  the  mod  correct  of  all  languages 
—mathematical  analjfis;  by  far  the  mofl  interefling,  and  the 
only  means  of  making  difcoveries  one's-felf :  and  who  can  be 
callous  to  the  pleafure  ol  difcovering  an  unknown  truth  ?  TC 
the  folution  of  a  problem  gives  fo  much  falisfadion,  though 
Ihe  data  be  only  imaginary,  what  mull  be  the  fenfalions  of 
lliufe  who  are  Iiappy  enatigh  to  folve  problems  whofe  data  are 

fet 


TBIOAXB8    OF    CRYSTALLOGRAPHY*  87 

f«t  by  Him  whom  the  greateft  oi  pagan  philofophers  calU  **  Jt*^!**^^ 
Eunud  Geometrician?    This  recalls  refledlions  to  my  ^^^^ crfdzlg,  uni 
which  I  cannot  fupprefs.     Converiing  one  day  wilh  the  Ahb^  theory  theace 
Ha&y,  he^was  taking  a  curfory  view  of  all  the  modern  difco-'*  uting. 
veries ;  when  he  could  not  help  remarking,  that  there  was 
not  one  of  them  but  what  fumifhed  vidorious  arms  to  the 
CRufe  of  religion.     My  anfwer  was,  that  in  future  the  name 
of  God  would  be  as  diflindly  written  on  a  cryflal  as  it  had 
hitlierto  been  in  the  heavens.     The  obfervation  of  this  moil 
religious  and  ingenious  roan  reminds  me  of  the  faying  of  lord  . 
Bacoo :  "  A  little  philofophy  eflranges  us  from  religion,  but 
a  great  deal  reclaims  us  again.''    Even  d'AIembert  could  not 
help  faying,  "  An  atheift  in  the  Cartelian  fyflem  is  a  philo« 
fopber  midaken  in  the  principles;  but  an  atheift  in  the  New* 
tonian  fyftem  is  foipething  worfe,  an  inconfequent  philofo- 
pher." 

But  to  return  to  the  mathematical  part  of  our  author's  the* 
ory :  the  branch  of  mathematics,  and  the  manner  in  which  be 
treats  it,  are  almod  new.  The  tlieory  of  polySdrons  had  been 
nearly  neglected  by  geometers,  bolli  on  account  of  the  diffi- 
culty to  reprefent  a  pol^edron  on  a  plane,  and  becaufe  they 
did  not  feel  the  utility  of  the  purfuit.  Neverthelefs,  flrange 
to  fay,  all  the  regular  figures  that  are  to  be  found  in  one  of 
the  three  kingdoms  of  nature  are  pol^edrons.  In  this  point  of 
view,  the  branch  of  mathematic<«  illuftrated  by  the  Abb^  be* 
comes  very  interefting ;  and  it  is  not  a  little  fo,  to  fee  with 
what  ingenuity  he  extricates  hirofclf  from  the  difficulties 
he  meets  with  in  his  refearches.  He  forms  all  the  po1}edrons9 
however  complicated^  of  little  equal  rhomboids  or  parallelo* 
pipedons,  and  by  that  means  he  reduces  the  theories  of  every 
poffible  polyedron  to  that  of  the  rhomboid,  which  is  extremely 
ijmplified  by  two  very  iimple  remarks:  1(1,  That  in  all  equi-'- 
lateral  rhomboids,  whatever  may  be  the  fpecies,  their  prqjec* 
tion  on  a  plane  perpendicular  to  their  axes  will  always  be  a 
regular  hexagon :  2dly »  That  the  axes  will  always  be  trifcded^ 
by  perpendiculars  drawn  from  all  the  lateral  folid  angles* 
His  theory  has  alfo  led  him  to  difcover  in  a  variety  of  cry  Hals 
geometrical  properties,  which  mud  be  highly  gratifying  to 
geometers.  But  the  great  advantage  to  be  derived  from  it  is, 
that  it  enables  us  with  the  fewed  poffible  data  to  calculate 
the  cryftalline  forms  juft  as  aflronomers  do  the  motions  of  the 

heavens. 
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heavens.  By  the  very  means  by  which  the  lallcr  determine 
the  future  molions  of  the  heavens,  the  Abb^  decides  which 
Turms  are  pofTiblc  and  which  are  impoflible.  tt  is  ihus  by  hri 
fimple  and  general  law  of  cryftalliMlion,  "  ihe  number  of  (he 
ranges  of  ihe  lubiraflive  particles  mall  always  be  a  commen- 
furable  ([uanlily,"  that  he  has  demonllrated  ihe  regolar  ttoJe- 
caSdron  and  the  regalar  icofaSdron  to  be  impoffible  forms  in 
mineralogy.  As  the  immorlal  Newton,  by  having  difiovefed 
(he  law  of  atlraflioti  to  be  "  in  Ihc  inverfe  ratio  of  ihe  ff|Hares 
of  the  diflances,"  explained  and  calculated  every  thing  in  the 
vafl  regions  of  the  firmament ;  To  at  ihe  other  extremity  of  the 
creation  the  Abh6  Haiiy,  by  meant  of  a  (ingle  law  which  be 
has  ilfrcovercd,  explains  the  irregularities  and  calculates  Ihofe 
problematic  formations  with  which  ihc  mineral  kingdom  had 
hitherto  anonithed  Ihe  natural  philofopher. 

Laws,  Sir,  that  refult  from  the  fludy  of  nature,  enjoy  thi* 
iikftlmable  advantage,  that  they  always  lead  lo  rquiUioni ;  and 
it  is  only  by  the  help  of  equations  (e\prclTcd  or  underftood) 
that  qucdions  can  be  iiilved  which  relate  to  objefls  that  can 
be  ciiher  counled  or  meafured. 

Of  late.  Sir,  the  word  nalure  has  been  fo  mneh  abufed. 
that  I  muR  beg  leave  to  (laic  the  precife  fenfe  in  which  I  wifti 
to  be  underHood  whenever  I  made  ufe  of  that  word  in  the 
courfe  of  lhi<  letter.  The  Abb6  Hatiy  found  it  necelTary  to 
take  a  iimiljr  precaiilion  at  the  beginning  of  ihe  excellent 
wort  (TTaiti  <lc  PI-^Uluc)  he  has  lately  publifhed.  He  fays : 
"  Thii  word  Natukb.  fo  frequently  in  our  mouths,  can  only 
be  looked  upon  as  an  abridged  expreflion,  either  for  the  refult 
of  ihofe  laws  which  Ihe  Ghejit  Ckeitor  has  imprinted  or> 
the  univerfe,  or  for  that  aggregate  of  beings  the  works  of  his 
hands.  Nature,  ihus  viewed  in  iLs  true  light,  is  no  longer  a, 
fubjea  of  cold  and  (ierile  fpeculalion.  The  ftudy  of  its  pra- 
dufliont,  of  its  pharnomena,  ceafes  lo  be  a  mere  exercife  of 
(he  mind;  it  moves  Ihe  heart,  and  flrengthens  Ihe  mural  vir- 
tues in  man,  by  awakening  in  his  mind  fenlimenls  of  refpeft 
and  admiration  at  Ihe  fight  of  fo  many  wonders  bearing  ihe 
vifiblc  cliaraders  ol'infmilc  power  and  wifdom." 
With  ihefe  Cenlimenls  I  rtmain.  Sir,  youi's, 

A.  Q,  BUEE. 
July  13,  ISO  I. 

'^-'"■'  ■  Qhfeivatipnt 


IV. 

O^rpoitont  an  Air,  Cough's  Slridures  on  the  DoArincqf 
Mixed  Gafcs,  Sfc,    In  a  Letter  from  Mr.  J.  Daltom. 
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To  Mr.  NICHOLSON. 
SIR, 


ROM  the  formidscble  msAner  in  which  Mr.  GoQgh  opens  lattodudioiu 
the  campaign,  I  might  expefl  Iiim  to  bring  a  hoft  of  fa^ 
and  arguments  to  hif  affiftance ;  tlie  fa^9^  however,  he  pru- 
dently keeps  hi  reserve,  and  it  \%  to  be  feared  feveral  of  the 
argmmerits  too,  as  thofe  already,  dra^'fi  out  are  fcarcely  of 
fore*  fuflicient  to  provoke  refiftance. 

Mr.  Cough's  fir(k  argument  is,  that  the  fufajeA  in  difpute 
if  more  properly  denominated  kypothffis  than  theory.  This 
is  certainly  not  worth  contending  about. 

Mr.  Cough's  next  argument  is,  that  the  hypothecs  is  not 
mechanical;  but  as  thi<  cannot  be  made  good,  it  feems, 
without  a  geometrical  difquifition  of  length  much  exceeding 
an  ordinary  Fetter,  the  philofophical  world  are  to  wait  till 
the  fame  (hail  appear  in  due  courle.  I  might  therefore,  for 
the  preient,  wave  any  remarks  on  this  head,  as  a  long  and 
equally  abdrufe  defence  might  be  expe6led.  But  as  I  think  Whether  the 
geometry  has  noticing  to  do  in  the  bufinefs,  and  that  all  that  ^eS^caL* 
can  bo  (kid  effectually,  either  for  or  againfl  the  hypothefis, 
being  confident  with  mechanical  principles,  may  be  com- 
prized  in  one  fliort  paragraph,  I  (hall  difcufs  the  argument 
here. 

Oxigen-  repels  oxigen,  but  not  azote :  This  is  a  pofiula-  Poftulate.    Tha 
turn  ;  and  being  admitted,  it  follows,  that  if  a  meafure  of  JJ^ikSer 
oxigen  be  put  to  one  of  azote,  the  oxigen  finding  it  porous,  but  not  tfaolli  of 
nmft  enter  the  pores,  and  vice  verjh,  till  the  two  gafes  feve-  othergafei. 
rally  making  their  v^ray  into  the  intcrftices  of  the  other,  at 
laft  obtain  a  perfed  equilibrium,  and  then  prefs  with  equal 
force  on  all  tlie  furrounding  bodies,  and  no  longer  prefs  on 
each  other.     This  is  (b  plain  and  obvious  an  inference,  and 
fo  little  involves  any  mechanical  confideration,  that  1  (hould 
have  jufHy  incurred  blame  for  infulting  my  readers  with  the 
appearance  of  mathematical  demondration  in  the  cafe.     At 
well  mjight  I  have  attempted,  iiroiQ  the  elements  ef  Euclid, 

to 


\ 


gQ  Oy  TUB   DOCTKIKB   OP  MIXEDl  OASBS. 

to  demondrate  to  a  cottager,  that  if  he  put  a  fieve  over  his 
chimney  the  fmoke  would  flill  efcape,  though  interruptedly ; 
or  to  a  chemiil,  that  if  he  drilled  holes  in  ap  exhaufled  re- 
ceiver, it  would  in  time  be  completely  filled  with  air. 
On  thetdionof  Mr.  Gough  next  remarks  upon  my  opinion,  that  the  -at* 
tqueoui  vapour  njQfpjjgre  of  aqueous  vapour  is  fufficient  to  prevent  the  ocean 
from  efcaping  into  the  air,  which  he  feems  to  think  wonder- 
ful :  Upon  this  I  may  remind  him  of  anolher  wonderful  fa£l, 
which  I  confider  the  fame  in  efiedt ;  that  is,  the  preffure  of 
like  vapour  on  a  cup  of  water  in  an  exhauded  receiver,  pre- 
vents the  water  from  efcaping  out  of  the  cup.  When  Mr. 
Gough  fliall  explain  how  this  fa6t  is  to  be  accounted  for,  I 
may  avail  myfelf  of  his  explanation  to  apply  to  the  other. 
He  proceeds,  however,  to  demon  (Irate  the  impoflibility  of 
an  aqueous  atmofphere ;  but  inflead  of  that,  he  demonflrates 
ike  impojibility  of  an  atmofphere  qf  any  kiiui  prej/ing  on  xvatCTf 
without  at  the  fame  time  forcing  the  xvaler  up  into  it*  pores. 
Luckily,  as  Mr.  Gough  obferves,  the  fads  do  not  counte- 
i)ance  the  condulion  ;  and  therefore,  however  rigid  the  de- 
monflrationy  it  (hews  that  the  previous  data  are  not  corre^y 
a(rumed.  The  con fi deration  of  this  fubjed  is,  notwithftand- 
ing,  an  important  one ;  it  is  more  than  a  year  (ince  I  urged 
Mr.  Gough  to  pay  attention  to  it,  and  to  attempt  a  folution 
.  of  the  difficulty  which  perplexes  all  theories  of  the  atmo- 
fphere alike.:  I  did  it  the  rather,  becaufp  I  thought  him  well 
qualified  for  a  fubjed  of  this  nature,  where  the  aid  of  ma- 
thematical fcience  muft  be  of  fubfecvience.  The  fubjedt 
has  never  been  at  all  explained  that  I  know  of.  I  have 
made  an  attempt  which  has  not  yet  been  p»bli(hed,  except 
in  a  ledure  lad  winter ;  but  J  (ball  dill  be  glad  to  avail  my- 
More  ptfticuhr  felf  of  any  afliflance  I  can  obtain.  Suppoling  that  in  the 
ftatementof  thejQ^gf^  dratum  of  an  atmofphere  incumbent  on  water,  there 
1^^/  is  one  particle  of  gas  for  one  hundred  of  water,  (which  may 

be  the  cafe,  confidering  their  relative  den(ities  as  one  to  a 
thaufand)  ;  query.  How  does  the  air  diffufe  its  prelliire  over 
all  the  hundred  particles  equally,  in  fuch  fort  that  no  co- 
lumn of  particles  of  water  is  forced  up  into  the  interdices  of 
the  atmofphere  by  the  inequality  of  the  prelfure  f  If  Mr. 
Gough  will  explain  this,  either  for  his  new  theory  or  for 
any  other,  I  will  engage  to  remove  all  difficulty  on  this 
hjeac)  which  attaches  to  my  hypotheds. 

Mr. 
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Mr.  Gough  next  wanfi  a  rigorous  proof  of  the  prq>ofitioiif  Impedimcnti  af« 
that  one  gas  afibrdt  an  impediment  to  the  motion  of  another, ^'^*^  d'^ff"!  ^* 
but  that  two  fuch  fluids  finally  overcome  their  mutual  ob- of  another. 
firudiensy  and  occupy  the  fame  fpace  in  a  Aate  of  perfedt 
independence.  No  one  acquainted  with  the  experimental 
part  of  pneumatic  chemidry  would  have  required  proofs  of 
iucfa  fads,  becaufe  he  daily  experiences  them.  Take  two 
phials  filled  with  different  gafes ;  apply  the  mouth  of  one  to 
that  of  the  other  for  a  few  moments ;  upon  withdrawing  it, 
the  two  phiiils  will  be  found  to  have  interchanged  very  little 
of  their  contents.  This  is  a  moft  unquedionable  proof  that 
gafes  afford  impediment  to  each  other's  motion ;  for>  into  a 
perfect  vacuum  the  air  ruflies  inflautaneoufly.  Again,  let 
the  phials  remain  in  connedlion  for  a  few  minutes,  or  at 
mofl,  hours,  and  they  uill  be  found  to  have  both  gafes  in 
the  fame  proportion;  and  this  flaie  wi!l  continue  in  perpe* 
tuity  afterwards.  That  they  are  ultimately  independent  on 
each  other,  is  fufficiently  marked  by  the  circumflance,  that 
any  fubdance  having  an  aflinity  for  one  of  them  will  with- 
draw it  from  the  mixture,  if  it  will  take  it  alone. 

Mr.  Gough  proceeds  to  give  a  nexv  theory  of  mixed  gafes :  Mr.  Cough's 
At  the  commencement  of  thii  controverfy  he  came  forth  to  "^'*  theory  of 
d{ftnd  the  all-fufticiency  of  the  old  dofirine  of  the  chemical 
union  of  water  and  air,  and  the  homogenity  of  the  atmo- 
fphere,  and  to  attack  the  new  doctrine,  which  profcribes 
chemical  union  in  thefe  inftances,  and  places  ibr  its  funda- 
mental and  diflinguiOiing  maxim,  tliat  "  mixed  gafes  nei- 
ther attract  nor  repel  one  another  :"  It  was  therefore  with 
no  fmall  furprife  that  I  found,  upcn  his  advances,  that  a 
new  tUeory  was  It  ill  rcquifite;  but  this  furprife  became  afto* 
nifhment,  when  1  found  the  preamble  admitted  tlieexiftence 
of  certain,  *' gafes  that  neither  attract  nor  repel  each  other.'* 
llic  only  clear  information  I  could  obtain  from  this  fudden 
revolution  was,  that  Mr.  (^ough  ufes  the  terms  theory  and 
hypothtJi%  in  a  contrary  fenfe  to  what  philofophers  in  general 
do.  When  I  brought  my  hypothelU  (as  he  calls  it)  forward, 
it  was  fupported  by  an  extenfive  train  of  facts,  the  refult  of 
long  and  careful  inveftigation,  none  of  which,  that  I  know 
of,  has  11  nee  been  controverted ;  I  mran  what  Mr.  Gough 
alludes  to  as  a  "  number  of  probabilities  of  an  experimental 
nature:'*  Whereas  Mr.  Gough's  theory  is  propofed  without 

a  iingle 


^^^PJg  WE\T   STRIKIKC    r«!lT    or    A    CLOCK. 

^^^■t*'  a  lliigle  f»&.  to  corrnbnrafe  it,  mrrt^^  to  try  how  hr  it  may 

^^H^  be  found  to  3gre«:  Willi  faclialtrady  kntnvn.      Leavitlg   Mr. 

^^^H^.  Gmigh  to  lievelope  his  theory,  wli:Hi  1  cnnri^fs  1  Ho  not 

^^^V  fompfehend,  and  llierefbrc  cannot  follow  him  in  the  appli. 

^^^^  caiion.  I  proceed  lo  hi*  concluding  remarks  on  the  law  of 

^^^  affinity,  which  connefl*  water  with  the  difiVreiit  gafei. 

W«n  fufpendcd      Sauffure,  to  whom  Mr.  Goagh  refer',  in  the  ninth  chapter 
*^j'^»'''"of  hii  fecond   elTay  infirucl^  m,  thai   ihe  fihent  pnu.-ers  of 
^^_-  common  air,  carbonic  acid,  and  hydrogen,  are  ihe  fame  as 

^^^ta  fcr  as  his  experience  goei.     T!ic  tefiiils  of  Kirtvan's  expe- 

^^^^  rimenti  I  am  unacquainti-d  with.     Clement  and  Deforme, 

^^^^^^^  (ti  ihe  forty.fecond  volume  of  tliu  Aiwulea  dc  Chimieiot  1802, 
^^^^^^^^L-  %xv«  clearly  fliewn,  that  sll  gafci  take  up  the  f^ime  quan- 
^^^^^^^^vfities  of  water,  alcohol,  and  ether,  in  like  circumftantics  ; 
^^^^^^^p  And  I  think  I  have  fliewn,  thatthcfe  iju^nlities  arc  precifely 
^  the  fame  a«  a  lorricelliam  vacuum  of  the  fame  capacity  takct 

^^V  ap:  So  that  nnlef^  Mr.  Gough  can  hold  ont  fome  tiirther 

^^^H  fncouragement  to  ihc  refumption  of  the  enc[utry,  it  feem« 

^^^B  hafdly  likely  that  any  one  "ill  undertake  to  invefiigate  the 

^^^K  diterfitia  in  the  law  of  afliiiily  between  gafes  antl  ivatcr, 

^^B^  '  when  there  does  iwl  apjiear  a  li  ng'e  fafl  that  points  out  any 

^^B*^  >lTinity  at  alt  in  the  cafe. 


J.  D ALTON. 

Manekefier,  Sept.  K,  IPOV. 


Acenwit  oj  the  Striking  Pan  of  an  Eigit-Day  Clock.    By  Mr.. 
JoHK   PmoR,    nf  birfijieli,    Yoikjhrt.      Commurucated  la 

Ihe  Societi/  of  Am.  • 


I 


To  CHARLi'S    TAYLOR. 
SIR. 

1  HAVE  taken  Ihe  liberty  of  fending  to  jou  a  ncwftrikitig- 
part  for  an  ciglil.day  clock,  of  luy  own  invention  and  work- 
manfhip,   which  I  finiflicd  lall  April ;   •**•'•■•.     1  beg 

•  ExtMaedfrointlitirTrsnraflJoiiJ,   180:1.     A  reward  ofllirty 
guineas  wm  given  by  the  Society,  who  tiavc  a  model  uf  the  fame. 


.-•WW  ^TfllKlKd    PART   OF   ▲   CLOCK.  J)3 

leave  to  injbrm  the  Society  of  tome  of  the  advantages  New  ftnktqg 
Viiiog  from  this  new  invention.  I«rt  of  a  tWu 

Fitfk,  it  confiits  in  a  wheel  and  fly,  with  (ix  turns  of  a 
ffttial  line>  cut  upon  the  wheels  for  the  purpofe  of  counting 
Che  hours.  The  pins  below  this  fpiral  elevate  the  hammer, 
and  thofe  above  are  for  the  ufe  of  the  detent. 

Thb  fingle  wheel  ferves  the  purpofe  of  count  wheel,  pin 
wbeelf  detent  wheel,  and  tlie  fly  wheel,  and  has  iix  rev<^ 
luiions  in  ftriking  the  twelve  hours. 

Permit  me  to  fuppofe  a  train  of  wheels  and  pinions,  ufed 
m  other  finking  parti,  to  be  made  without  error,  and  that 
die  wheels  and  pinions  would  turn  each  othe^  without  (hake 
m  play*  Allowing  the  above  fuppohtion  to  be  true,  which 
CNrery^medianic  knows  it  is  not,  my  flriking  part  will  be 
found  fix  times  fuperior  to  others,  in  (Iriking  the  houn 
J»  2,  5,  7,  10»  11,  and  twelve  times,  in  flriking  4,  6»  S, 
and  eighteen  times,  in  flriking  3,  9,  and  12. 

I  have  defignedly  made  a  defed  in  the  model  herewith 
fent,  in  flriking  2  and  3  o'clock,  to  fhew  that  what  I  have 
now  advanced  will,  upon  the  trial,  be  found  to  be  true. 

In  flriking  2,  I  have  purpofely  made  an  imperfiedion^ 
equal  to  the  fpace  of  three  teeth  of  the  wheel ;  and,  in 
flriking  3,  an  imperfedion  of  hine  or  ten  teeth ;  and  yet 
both  thefe  hours  are  flruck  perfedly  correct. 

The  flys  in  clocks  turn  round,  at  a  mean,  about  fixty  times 
for  every  knock  of  the  hammer,  but  mine  turns  found  only 
three  times  for  the  fame  purpofe ;  and  fuppofe  the  pivots 
were  of  equal  diameters,  the  influence  of  oil  on  ihejn  would 
be  as  the  number  of  rovolutions  in  each.  * 

It  would  be  better  for  clocks  if  they  gave  no  warning  at 
all,  but  the  fnaH-piece  to  raife  a  weight  fomewbat  fimilar 
.to  the  model  now  fent  for  the  infpedion  of  your  refpeclable  . 
Society, 

Rrfcrence  to  Mr,  Prior's  iStriking  Part  qfkU  Clock. 

Plate  VI.  Fig.  1. 

A.  The  large  wheel,  on  the  &ce  of  which  are  funk  or  cut 
•  the  fix  turns  of  a  fpiral. 

B.  The  fingle  worm  fcrew,  which  acts  on  the  above  .wheel, 
and  moves  the  fly  C . 

*  See  Cununings*s  Elements. 

D. 


water  wUh  which  the  melrcpulii  ii  TuppUeil  cnnlribi]<e<;  msle- 
rially  in  the  healili  and  coml'url  of  thole  who  uTe  it,  and  in  laft 
Tcndeis  it  purer  than  almofi  an v  known  fpring  walei,  a  veiy 
cheap  and  CDminodious  appaiatus  foe  Lite  purpofe  may  be  cuii- 
fidered  a':  an  obje^  of  general  utility.  I  tliereture  ienJ  you  » 
fe3ion  of  a  machJue  whidi  I  contlruclud  fcvcral  yeari  lincc, 
and  whidi  any  conmioii  carponler  can  make  for  a  very  fevr 
Ibillingc,  which  may  be  ihorouglily  cleaiijed  at  any  lime,  and 
Itrhich  ucc;]pie$  very  little  room. 

As  you  have  aheady  honoured  feveral  of  my  Ihuri  elfays, 
publiflied  in  other  coIIodioiiK,  with  infertion  in  your  Journal, 
^ou  will,  1  Irull,  not  be  difplcafed  that  we  (liould  became  im- 
mediate correfpondenU. 

Your  obedieal  Servant, 

H.C.  ENGLEFIELD. 

J*.  S.  I  will  not  aiifw  er  for  it  that  the  matlilne  I  fend  you 
has  not  been  already  introduced  into  ufc.  If  it  ha;,  you  will 
of  couife  fupprefs  my  letter;  but  if  it  hasj  Profeflbr  Parrot's 
(litre  is  quite  nugatory. 

A  mud  excellent  ariaiigcment  for  the  purification  oF  river     i 
water  on  a  large  ftale  is  mentioned  in  the  writings  of  De  Iaic     ■ 
or  De  SaufTure,  but  I  cannot  turn  to  the  palTage  in  their  worki. 
It  was  applied  with  complete  fucccrs  by  Uie  inventor,  to  ilie 
llream  which  fupplied  a  large  town  in  Switzerland,     The  ma. 
chine  (if  it  may  be  To  called)   was  as  follows: 

A  is  the  upper  Turface  of  the  flream  to  be  purified,  B  the 
bottom.  A  ciftern  is  fuiik  of  fix  or  fevcn  feet  in  deplli,  and  of 
a  proper  breadth,  divided  by  parallel  paitition;,  allerJiaLely 
ri6ng  above  the  furface  level  of  the  llream  and  open  at  the  bot- 
tom, and  level  with  the  bed  of  the  river,  and  clofed  at  the 
|)olto<n.  Ilisobvious  that  the  couifeof  the  water  moll  be  in 
the  direflion  of  the  arrows,  and  in  this  lepealed  and  (low  af^ 
cent  and  defcenl,  all  floating  impurities  will  be  left  at  the  top. 
and  the  heavier  mixture*  will  lublide.  The  ciftcrn  may  be 
eafily  cleartfed,  either  by  taking  out  the  partitions,  if  it  is  on  a 
fmBll  fcale,  or  by  fending  perfons  down  between  the  walls.'Siif 
it  is  built  permanently  for  a  great  tlream.  Pieibaps,  indeed, 
a  box  having  the  partitions  tilled  half  the  way  up  wilh  fand  or 
gravel,  may  on  litis  plan  be  the  beft  of  all  filtres  fur  doiueflic 
Dfe, 

Defcription 


Fu&iricATioN  or  water.  ffj^ 

Hefiription  <jf  thePOUring  Apparatus,  Plate  V.  Fig.  1. 

A  B-  The  exterior  tube,  two  feet  high  and  fix  inches  fquare  Filtering  app»» 
within.  ntuiicfcribed. 

CD  The  interior  tube*  four  inches  fquare  at  the  top  and 
Ihfee  inches  at  the  bottom.  It  reaches  within  about  three 
inches  of  the  bottom  of  the  exterior  tube,  and  is  covered  at 
the  bottom  with  a  coarfe  linen  tied  round  it.  The  ufe  Of  this 
,is  to  prevent  the  weight  of  the  water  from  difturbing  the  fand. 
The  apper  end  of  this  tube  is  formed  into  a  funnel,  for  the 
convenience  of  filling  it  with  water,  and  it  reds  on  the  outer 
tttbe,     £  a  fpout  for  the  exit  of  the  filtered  water. 

Both  tubes  are  filled  with  clean  walhed  fand  up  to  the  dot-  ' 

ted  line  jufl  below  the  fpout.  A  bag  for  (lopping  the  coarfer 
impurities  may  be  adapted  to  the  funnel.  If  this  machine  be 
placed  4inder  the  cock  of  any  common  water  ciftem,  which  is 
opened  juft  enough  tofupply  the  funnel  without  running  over, 
it  will  require  no  attendance,  and  will  very  feldom  want  clean- 
ing. It  is  obvious  that  every  part  of  the  machine,  when  the 
two  tabes  are  taken  afunder  is  vifible  to  the  eye,  and  eafily 
leached  by  the  hand.  The  fand,  when  waihed,  will  ferve 
joany  times. 

If  inftead  of  a  funnel,  a  larger  refervoir  of  water  at  the  top 
is  nfedi  which  may  fometiroes  be  convenient,  it  will  be  bed 
to  fill  the  upper  part  of  the  inner  tube  for  a  few  inches  with 
clean  fmall  pebbles,  as  the  pouring  in  water  diflurbs  the  upper 
forface  of  the  fand. 

It  may  be  made  either  of  wood  or  tin,  but  not  of  lead,  for 
fear  of  impregnation.  It  is  alfo  evident  that  the  rapidity  of 
adion  of  the  filtre  will  be  in  a  great  degree  regulated  by  the 
difference  of  level  between  the  fpout  and  the  furface  of  the 
water  in  the  funnel,  and  by  fupplying  the  funnel  with  a  greater 
or  lefler  flrearo,  the  machine  may  be  made  to  a£l  as  quick  or 
9s  flow  as  is  wiihed. 

As  the  water  which  fupplies  the  metropolis  is  often  tainted  Whether  char« 
with  vegetable  or  animal  fubftances  putrified  ih  it,  it  might  be  ^^"^  "^"^^  K 
well  worth  while  to  try  whether  filling  the  inner  tube  with  a  filtering  a^a* 
powdered  charcoal  might  not  tend  to  free  the  water  filtred"*"'^^*'**'^ 
tbroogh  it  from  thedifagreeable  tafie  and  fmell  communicated 
by  the  caufes  above-mentioned*    It  will  alfo'  be  advantageous 
.  to  place  the  receiving  veflel  at  fome  difiance  below  the  fpout, 
tint  the  ftream  may  M  through  is  mnch  air  as  it  conveniently 
can. 

Vol.  IX.^OcTOBBX,  1804.  H  Experimimf 


VIII. 

EipcrimciU!  on  the  EffeSi  of  Heat  modified  by  ComprrJJion,  by. 
SiH  jAMts  Hall,  Bart.  Raidin  llu  Royal  Society  of  Edin- 
burgh, AuguJI  30,  TyoU     Commutacaicd  l)f/ the  Author. 

Eipetimenu  of    ^  BEG  leave  to  announce  lo  tliis  Society  the  refult  of  a  Teries 
hMt,  modifitd    of  expuriroents  which   have  occupied  my  attention  almoft  ex- 
'on*  clufively  during  fevcral  years,     Thefe  e\perimenl«  relate  to 
the  enV£l<  of  heat  modified  by  com  predion,  and  are  intended 
lo  iriveftigale  Ihe  peculiar  and  chara€(erillic  principle  of  the 
Huitonian,theor}. 
Dr.  Kuttcn'j  Dr.  Hulion,  in  common  with  many  former  geologins,  hai 

*^°^^,'^*/_''arcribed  the  formation  of  all  mineral  fubflances  chietiy  lo  fire. 
tunSy  pmluced  Bul,  according  lo  him,  the  influence  of  Ihis  element  has  been 
in  IS  irtjr,  ^g^y  much  modified  by  compreffion,  occafioncd  by  the  weight 
and  firength  uF  a  vall  fuper incumbent  mafs,  which  ihen  prened 
upon  whal  is  now  the  furface  of  our  globe.  In  this  manner 
he  has  anticipated  ihe  natural  ohjeflion  to  all  igneous  theorie* 
which  muA  arife  from  a  comparifon  of  various  mineral  fub- 
flances  with  ihe  produfls  of  fire  in  our  furnaces;  for  he  con- 
ceives thai  prelTure  by  reprelling  volatility  would  occalion  the 
prefence,  in  high  tempera  I  lire),  of  many  fubftances  which 
efcape  in  our  firei,  on  a  (light  application  of  heat;  and  that 
ihefe  by  their  chemical  relations  would  give  rife  to  a  ftate  of 
things  untried  in  any  experiments  liiiherio  publilhed,  but  fuch 
as  to  alford  a  fatisfadory  explanation  of  all  the  natural  pheno- 
mena upon  his  hypothefi,';,  even  of  ihofe  which  are  the  moft 
incompatible  with  Ihe  common  aftion  of  itre. 

The  two  fundamental  pofiulata  required  in  this  llteorj, 
namely,  the  aflion  of  heat,  and  iheprefence  of  a  fuperincam- 
benl  mafi  are  certainly  allowable;  fince  the  volcanosi  furnifti. 
us  with  a  proof  that  micrnal  fire  drie»  a£t  occafionally  and  ia 
the  irregular  manner  which  this  fyfiem requires;  and  ^ncelb« 
fragmented  and  perturbed  (late  of  our  ftrata  enables  us  lo  fcjr 
with  certainly  that  great  changes  have  taken  place,  that  enor- 
mous malTes  have  been  removed,  and  that  what  was  once 
placed  at  agreat  depth  is  now  highly  elevated. 

Bul  a  third  p(ij}ulaliini  i'  involved  in  this  theory,  which  feemi 
to  be  of  more  diflicull  admiflion.     Granting  that  heat  did  aS 


The  r*£t>  ire 
[hit  hcic  tu]  fa 
■ftedinoui 


tfrP£Ct8   OF   ttCAt*  *Q9 

oo  fubftancesconfirained  by  prcflare^  would  its  aQion  be  no« 
dified?  Would  that  modification  be  fuch  as  is  afTumediD  the 
Huttaniaii  theory? 

'fo  theie  qoeflions  Dr.  HuttoD  has  replied  by  argumeDts  1>r.  H.  has  eft* 
foBiided  on  general  aoalogy ;  and  has  refted  the  proof  of  his  hy*  ^(1,^^  ^^ 
potbefis  on  its  agreement  with  the  phenomena  of  nature*     In  tfft€t%  from  ge* 
that  reTpedfew  philofophical  theories  have  been  fo  fortunate;  Jl|^*/"**" 
for  ill  ttniverlal  application  to  every  department  of  the  mineral 
kiogdom,  and  its  folution  of  all  the  difiicultiesy  afford  a  con- 
correnceof  probabilities  in  its  favour  which  prefs  on  the  mind 
\    with  almoft  irrefiflible  convidton.     Still  it  mud  be  owned  that 
the  bafit  of  the  (yftem  is  hypothetical;  and  a  wi(h  has  been  ex* 
prefled  by  every  man  of  fcience  who  has  attended  to  the  fub- 
'  jedy  that  this  bafis  fliould  be  fubmitted  to  the  ted  of  experi* 
neot* 

Myobjed  has  been  to  accompiifh  that  end»  and  to  bring ''*^*"^*®* 
this  great  queflion  to  an  experimemtum  cruets.  By  placing  fub-  ezperimeiiu 
flaoces  in  the  predicament  affigned  to  them  in  the  Huttonian 
theory^  I  have  endeavoured  to  imitate  the  fuppofed  procefs  of 
nature*  In  this  attempt  I  have  met  with  great  and  numerous 
difficulties,  but  I  have  at  lafl  fucceeded  beyond  my  original 
expectation,  and  have  obtained  refults,  which,  if  I  am  not 
greatly  deceived,  edabliih  as  a  law  of  chemiftry  the  moft  pa-> 
radoxical  of  Dr.  Hutton's  pofitions. 

My  experiments  (hew,  that  when  pounded  carbonate  of  p^dionate  of 
linie,  produced  by  the  trituration  of  chalk,  of  marble,  of  the  r^^  2!^  Wedg. 
(hell  of  a  fi(h,  or  of  calcareous  fpar,  after  being  rammed  into  wood)  in  ftrong 
a  fmall  tube  of  porcelain,  is  expofed  in  vefTels  of  fufficient  bejomc*  Uiae* 
(bengtb  and  tightnefs  to  the  heat  of  21  or  22  of  Wedgwood's  ftonc* 
pyrometer  (that  is  to  the  heat  in  which  pure  (ilver  melts,*) 

the 

*  I  take  this  opportunity  of  mentioning  that  a  very  material  er- 
ror leems  to  prevail  with  refpe^l  to  this  point  of  the  pyrometrical 
ftale.  The  error  is  the  more  formidable  that  it  has  been  introduced 
and  fandioDed  by  the  higheft  authority  poiBble  in  fuch  a  cafe ;  I 
mean  that  of  Mr.  Wedgwood  himfelf.  In  hlJI  account  of  the 
pyrometer  he  gives  a  table,  exprefling  the  efFefls  produced  at  va* 
riotts  points  of  temperature,  and  ftates  28  as  the  melting  heat  of 
filver.  Now  it  con(ifts  with  my  knowledge  that  pure  (ilver  melts  at 
22.  I  learned  the  fa£t  from  Dr.  Kennedy,  and  I  have  had  occafion 
to  confirm  the  truth  of  it  in  numberlefs  trials. 
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tiie  cwbnnate  (hrinka  upon  Ufelf  and  agglutinates  int( 
mafs,  which  in  point  of  hardnefs  and  fpecific  gratily  ap» 
prOBches  very  uear  to  common  lime-llone.and  fomelime^  e^uaU 
it,  and  which  has  Trequenlly  actjuired  ihe  fpatkling  frafturc, 
ibe  remi-tranrparenc]',  the  riirceptibility  of  polill),  and  tlid 
general  afpefl  of  marble.  The  fame  refult  is  obtained  wlieii 
a  foliil  piece  of  challc  is  Irealed  in  a  timilar  manner,  and  the 
'  chalk  being  previoufly  meafured  in  Wedgwood's  gage,  ii 
found  to  conltatl  during  the  aflion  of  heat  three  times  rooie 
than  the  pyrometer  pieces  do  in  the  fame  lempernlure.  DiirJn;; 
the  a6)ion  uf  heat,  ilie  carbonate  is  found  to  have  lolt  very  lit- 
tle of  its  weight;  that  lof:  aotounling  in  many  cafes  to  Icfs 
than  one  percent,  and  in  fome  experiments  it  has  undergone 
TO  fenfible  lofs  at  all,  or  fo  very  fmalt  ■  one,  that  it  may  be 
■neglefted  without  fear  of  error.  When  thrown  inlo  an  acic>, 
Ihi^  arliticial  llraeAone  efTervefces  violently  as  it  dirfoN-es  the 
difcharge  of  gas  continuing  whilft  (he  fmalleft  atom  of  carbo- 
nate remains  vilible.  ^ 
Impeifca  fufion  I  have  been  in  poffelfion  of  this  fafl  fince  the  year  1 80 1 ,  and 
of  thcchilk.      I  long  attempted  in  wain  to  carry  the  Cxpeiiment  farther,  fo  ai 

I  to  accompliili  the  fufion  of  tlie  carbonate.     In  one  folilary  and 

accidental  inftance,  I  had  fucceeded  in  obtaining  it  in  a  (late 
of  teal  froth,  which  could  not  have  been  produced  without ' 
I  previous  liquefaflion ;   but  being  unable  to  repeat  this  refult,   1 

I  "  was  unwilling  to  piibliih  tt  or  any  of  the  fads  already  Dated, 

P  till  I  could  do  fo  in  a  more  falisfaclory  manner.     In  the  conrfe 

»  of  lad  winter,  with  the  help  of  many  improvements  in  my 

t_  mode  of  operation,   and  of  ftronger  apparatus,  I  at  laft  ac- 

j  quired  the  power  of  performing   repeatedly  and   even   with 

*  tolerable  reruinly,  what  ai  lirll  had  been  the  effeci  of  chance. 

AAutlfuGoB-    In  tl'^f'^  experiments  carbonate  ol  lime  haii  not  only  been  ag- 

This  obfervilion  relalM  lo  the  pyrometer  pieces  fold  by  the  laic 
Mr.  WedgwooJ,  which  were  f.nmcJ  of  a  mixture  of  alumioc. 
with  Coniilli  poT^g^im  clay.  Tlili  let  having  been  the  t/a\\  one 
ever  dljlri^ivtCiramungll  cliemllls,  mult  ceriajni^  Ije  looked  upon  m 
the  Ibndard.  Other  lets  had  |ircvioully  Iteeu  mnde  h;  hin-,  of 
Cornilh  day  alone,  which  had  never  been  fetil  abra»d,  or  at  leaB 
only  giren  to  fome  friends,  It  is  |«(ni>le  thst  the  dilcordance  al- 
luded to  in  this  note,  ma/  have  been'  wcafioned  by  expetimeoB 
rnxde  with  ihule  lirft  Tets,  which  may  hart  poSeHed  diffcient  pro- 
perties from  thole  afterwards  fold. 

glutinated. 


I 


EPPSCTS   OF    H£AT«  lQJ[ 

^latiaated^  butadlttally  fufed;  the  TubtlaDce  Gnkmgi^pon  itfelf 
with  a  round  and  gloffy  furface,  and  exhibiting  every  proof  of 
a  vilcid  fluidity,  (imilar  jto  that  of  melting  fealing  wax.     In 
general  the  fufion  has  been  accompanied  with  a  (light  eballi- 
iion«  which  has  fometimes  changed  the  mafs  to  a  kind  of  froth, 
and  fooietiines  has  merely  produced  fome  fcattered  air  bubble^p 
Tbe  whole  cucternally  and  in  its  fraflure  (bines  much;  this 
fliiiie,  arifing  in  fome  cafes  from  numberlefs  facettes  of  cryftal* 
fisation^  and  in  others  from  a  fmooth  and  continued  glofs,  like 
that  of  glafs.     In  many  fpecimens  the  cryfiallizalion  of  newly  Spsny  cnrftalt 
foniied  fpar  is  diflindiy  vifible;  the  cryHaDine  mafs  confiding  "* 
of  psu^lel  plates,  which  refle6t  together  with  one  glofs.  Some 
of  thefe  are  difcernible  by  the  naked  eye,  though  in  general  to 
fee  them  well  we  require  the  help  ol*  a  lens.     As  foon  as  the 
carbonate  becomes  foft,  it  begins  to  act  powerfully  on  the  tube 
of  porcelain  (generally  formed  of  pure  Cornilh  clay)  in  which 
it  is  confined;  the  compound  (hewing  itfelf  to  be  much  more  ^Boaof  die 
fiifible  than  the  pure  carbonate.     It  penetrates  the  minute(l  ^|,^^  ^m!^ 
crevices,  and  fpreads  along  the  cup  to  a  confiderable  diftance 
'  fnom  the  point  of  contaft  between  the  carbonate  and  the  tube; 
its  termination  being  marked  by  a  -black  line,  the  caufe  of 
which  I  have  not  difcovered.     Previous  to  this  fiage  of  fufion 
Qo  action  whatever  feems  to  take  place  between  the  carbonate 
and  the  porcelain,  the  former  receiving  from  the  latter  an  ac- 
carate  iropreflion  of  its  fliape,  acquired  doubtlefs  when  the 
powder  was  rammed  into  the  tube.     In  this  cafe  the  carbonate 
remains  quite  loofe,  and  is  often  heard  torattle  before  the  vef- 
(jsl  IS  opened.     Where  pounded  filex  has  been  rammed  into  ^"'^'i'^^ 
tbe  tube  inconta6t  with  the  carbonate,  an  union  hasfometimes  ^^ 
Ukeo  place,  prodqcing  a  fubflance  having  foniewhat  the  ap- 
pearance of  chalcedony,  but   which  (hewsr  evident  proof  of 
fufion,  it  having  flowed  fo  as  to  form  little  fialadlites  and  fla- 
lagmites.     This  fqbdance  effervefces  feebly  in  acid,  in  fome 
icafes  it  leaves  a  femj-tranfparent  cloud  of  undilfoived  matter, 
in  others  difTolves  entirely  the  folution,  yielding  a  jelly  when 
evaporated  to  a  certain  pitch,     This  affords  proof  of  a  real 
onion  between  the  carbonate  and  the  (ilex. 

lo  all  the  experiments  alluded  to  in  this  paper,  the  velfels  When  the  vef- 
]}ave  been  expofed  to  a  violent  expanfive  force,  by  which  a  thecs^bonatehas 
great  number  of  them  have  been  deftroyed,  and  the  expert-  .(hewn  diffSErenc 
inents  have  often  been  loft  or  refults  obtained  only  of  partial  uJ'ftSf^tcid!*"*' 
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^^H  Cuccert.     But  there  have  frequestly  been  of  value,  by  brin^> 

^^^^  ing  inio  view  imporlani  callaleial  laQi.     Thus  I  have  found 

^^^V  that  under  certain  circumdances,  a  partial  calcination  has  laken 

^^^B  place  by  the  repataiion  of  lone  of  the  carbonic  acid  froro  the 

^^^B  lime,  though   enough    Dill   remained  In  prel'eri'e  many  of  the 

^^"  leading  properlie!,  of  a  carbflpale.     When  a  lof*  is  fuflaineit, 

amounting  only  to  Iwo  or  three,  or  even  four  per  cent.  1  find 

the  fubflance  Hill  fufceptible  of  agglutination  and  fuflon,  but. 

t^-Umg  Irft        its  fufibility  is  greally  dimirilhed,  a  heat  of  40  or  50  being  re-. 

fufiWe,  Ik.       (jQJred  to  accomplilh  what  would  have  been  done  in  32  or  25, 

Imd  the  earth  coniiimed  to  be  completely  lalutaled  with  car- 

bonic  acid,  and  the  carbonate  (hut  obtained  i)  apt  to  fail  to 

^^^^  decay  by  atirafling  rooiflure  from  (he  air.     Thefc  dilTerenccs 

^^^K  sfibid  a  good  illullraiion  uf  the  inlluence  exerted  by  the  acid  as 

^^"  a  flux  on  the  earth. 

An  (pparicuL  Having  ibu<  afccrlained  the  fufibility  of  the  carbonate  under 
WC^unrti.*  pfeirure  of  indefinite  amount,  I  became  deGroui  pf  afligning 
fold,  its  limits,  and  of  difcovering  the  leaft  force  ncceiTary  for  this 

tpurpofe.      Inthisview,  in  addition  to  my  other  device*,  Ifol- 
)  lowed  ihofe  ufcd  by  Count  Runiford  in  trying  the  explofive 

ftrengih  of  gun-powder.* 
Ltfod  RguUted.      By  means  of  a  great  weight  prefling  upon  a  fmall  opening, 
I  and  regulated  by  a  counterpoife  adjal^ed  at  plcafure,  I  was  able 

^   '  to  confliain  the  carbonate  lu  any  given  amount.      In  this  man- 

TnffuTijor  ner  I  found  that  the  prelTure  of  SO  atmofpheres,  anfwering 
4  hundrrd  it-  pgafiy  [^  |ia]f  g  ^\\c  of  fea  in  depth,  was  rcquifile  to  produce 
'"'''"*  any  cHcfl  of  conipreflion  on  the  carbonate  of  liroe,  and   that 

10  execute  the  bufincfs  vvell  required  a  force  four  or  live  timet 
greater. 
SimiUr  ttpei'i-        I  'lave  likewife  made  fome  experiments  with  coal  treated  in 
mtnu  t-n  biiu-   (he  fame  manner  as  the  carbonate  of  lime,  but  I  have  found  it 
nuiiDui  mitiir.   ^^^|^  j^^.^  traaable,  for  the  bitumen,  when  heal  is  applied  lo 
it,  lends  lo  efcape  by  itsfimple  elafiicily,  whereas  the  oarbo- 
nic«cid  in  marble  is  in  part  retained  by  the  chemical  force  of 
quick  lime.     1  fucceeded,   however   in   confliaining  the  bitu. 
mcnous  matter  of  the  coa!  to  a  certain  degree  in  red  heals,  fo 
as  lo  bring  the  fublUnce  into  a  complete  fuliun,  and  lo  retain 
its  faculty  of  burning  with  flame.     But  I  could  not  accompliUi 
this  in  heats  capable  of  agglutinating  the  caibonale;  fori  have- 
fqaod,  where  I  rammed  them  fuccelfively  into  the  fame  lube, 
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tli«  vtSSA  htLM  wkhftood  the  expaniive  (otcte,  that 
the  cstiMMMUe  bat  been  aggiatinated  into  a  good  lime-ftone,  but  Remarkable  f»a 
that  the  ooal  bas  loft  about  half  its  weight,  together  with  >t»rtfembUnK  '^ 
poifer  ^  giving  flame  when  bamt,  remaining  in  a  very  com-  blind  coaU 
f§£t  ftote  with  a  fhining  ini8ure.    Althongh  this  experiment 
bat  not  afforded  the  defired  refult,  it  anfwers  another  porpofe 
admirably  welL    It  is  known  that  where  a  bed  of  coal  is  eroded 
by  a  dyke  of  Whinftone,  the  coal  is  found  in  a  peculiar  ftate 
IB  the  immediate  neighbourhood  of  the  Whin,  the  fubftance  in 
facfa  places  being  incapable  of  giving  flame,  it  is  diftinguiflied 
by  the  iiame  of  blind  coal.     Dr.  Hutton  has  explained  this 
h€t  by  fappofing  that  the  bituminous  matter  of  the  coal  has 
been  driven  by  the  local  heat  of  the  Whin  into  places  of  lefs 
%ntenfity,  where  it  would  probably  be  retained  by  diflillation. 
Yet  the  whole  muft  have  been  carried  on  under  the  adlion  of  a 
pieflare  capable  of  conftraining  the  carbonic  acid  of  the  calca-  ^ 
raous  fpar  which  occurs  frequently  in  fuch  rocks.     In  the  laft 
mentioned  experiment,  we  have  a  perfed  reprefentation  of  the 
aatnral  fisft  fince  the  coal  has  loft  its  petroleum,  whilft  the  chalk 
ia  oonta^  with  it  has  retained  its  carbonic  acid. 

I  have  made  fome  experiments  of  the  fame  kind  with  ve-  Animal  and  ▼•• 
getable  and  animal  fabftances.  I  found  their  volatility  much  ^^^^^^^ 
greater  than  that  of  coal,  and  I  was  compelled  with  them  to 
work  in  heats  below  rednefs;  for  even  in  the  loweft  red  heat 
ffaey  were  apt  to  deftroy  the  apparatus.  The  animal  fubftance 
I  commonly  ufed  was  horn,  and  the  vegetable  faw-duft  of  flr# 
The  horn  was  incomparably  the  moft  fuflble  and  volatile  of  the 
two.  In  a  very  flight  heat  it  was  converted  into  a  yellow  red 
fabftance  like  oil,  which  penetrated  the  clay  tubes  through  and 
through.  In  thefe  experiments  I  therefore  made  ufe  of  tubes 
of  glafs.  It  was  only  after  a  confiderable  portion  of  the  fub* 
fiance  had  been  feparated  from  the  mafs  that  the  remainder  af- 
fomed  the  clear  black  peculiar  to  coal.  In  this  way  I  obtained 
Coaly  both  from  faw-duft  and  from  horn,  which  yielded  a  bright 
flame  in  burning. 

The  mixture  of  the  two  prodqced  a  fubftance  having  exadly  Probabllicy  that 
the  fmell  of  foot  or  coal  tar.     I  am  therefore  ftrongly  inclined  «>** "  ^^  animal 
to  believe  that  animal  fubftance,  as  well  as  vegetable,  bas  con^  ^^^  origin.   * 
triboted  towards  the  formation  of  our  bituminous  ftrata.    This 
leems  to  conflrm  an  opinion  advanced  by  Mr.  Keir,  which  hat 
been  mentioned  to  b^  fioce  I  made  tbit  experiiqent,    I  coiv 
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ieivt  that  Itie  coal  which  now  remains  in  ihe  tvorld  ii  but  s 
ftnuil  poftion  of  the  organic  matter  originally  depoliled,  Iho 
moft  volatilu  parli  having  been  driven  off  by  iI>ea£tionorheat 
bt^fure  ilie  temperature  had  rifen  high  enough  to  bring  Ihe  fur- 
rounding  rubflance  into  liifion,  fo  ai  lo  conline  the  clajlic  fluids 
and  fubjcA  [hem  la  compreffion. 
Morn  lotilly  vo«      In  fevf  ml  of  ihefe  experiroenis,  I  found  that  when  the  pref. 
ftromt  bu"noc     fu^  wa!  nol  greal,   when  equal,  for   indance,   only  to  HO  at- 
eitnme  fn(-     mofpheres,  thai  the  horn  employed  was  difllpaled  entirely,  the 
"*  gl^I^  'ul>B  which  had  contained  it  being  ]eft  almoll  clean,  yet 

undoubtedly  if  expoled  to  heat  without  comprelTion,  and  pro- 
'•  tefled  from  the  coniafl  ol'  iheatruofpliere,  the  horn  would  leave 

a  cinder  or  coak  behind  it,  of  mailer  wholly  devoid  of  volati- 
lity. Here  then  it  would  feem  as  if  the  moderate  prelfuTe.  by* 
keeping  Ihe  elements  of  tbe  lubdance  together,  had  promoted 
•  the  general  volatility,  without  being  flrong  enough  to  relid 
that  expanfive  force,  and  ihuf,  that  the  whole  had  efcaped. 
This  refull,  which  I  fliould  certainly  not  have  forefuen  in  the- 
ory, may  perhaps  account  for  ihe  abfcnce  of  coal  m  fiiuaiions 
where  its  prefence  might  be  expelled  on  principles  of  general 
analogy. 

I  have  (hewn  feveral  fpecimens  of  Ihefe  refulls  lo  my  friendly 
in  particular  lo  Lord  Webb  Seymour.  Mr.  Play/uir,  and  Mr. 
Davy,  who  have  agreed  in  thinking  that  tiie  invefligation  is 
now  brought  to  fuch  a  Itage  of  advancement,  that  the  refult 
ought  lo  be  made  public. 

I  propofe  in  Ihe  courfe  of  next  winter  lo  lay  before  the  So- 
ciety a  particular  account  of  all  thefe  refultst  and  of  Ihe  me- 
thodii  followed  in  obtaining  them.  In  the  mean  time  I  thall 
now  fubmit  a  few  of  them  to  the  infpeflion  of  tbe  gentlemen 
prcfent. 

Nos.  1,  2,  3,  4,  5,  6  and  T,  were  all  produced  in  feparalo 
experiments  from  pounded  carbonated  lime.  No.  1,  was 
amongfl  the  fitft  of  myfuccefsful  refullj,  having  been  obtained 
in  1799.  It  ii  a  firm  ftone,  requiiii^g  a  fniart  blow  of  a  ham- 
merlo  break  it.  If  was  inciofed  in  a  cartridge  of  paper,  the 
mark  of  which  it  fliil  bears.  The  other  fix  are  (lill  harder  and 
more  com  pad,  approaching  nearly  in  ihefe  qualities  to  coro- 
nion  lime-lione.  Xos,  2,  4,  and  7,  poll'eft  a  degree  of  femi. 
tranfparen^'  moff  remarkable  in  No.  i,  and  all  of  ihefc  fpecii 
mens  exhibit  an  unevcD  fraflurc,  approaching  to  ibst.  of  bees* 
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asd  mtfble.  Their  cotoan  mre  vatioadj  though  fligfatly 
tinged  with  jeHowr  and  blue;  in  particular  No.  3»  which  though 
prodiioed  from  common  white  chalk,  refembles  a  yellow  mar^ 
Ue.  No«.  3,  5  and  6  have  taken  a  tolerable  poliih.  No.  7 
oootaint  a  (hell  introduced  along  with  the  pounded  chalk,  and 
DOW  dofely  incorporated  with  it. 

Nos.  8,  9,  10,  111  all  formed  from  pieces  of  chalk  ex« 
pofed  unbroken  to  heat  and  prcflure.  No.  8  is  remarkable  for 
a  ihhiing  grain  and  femi-tranfparency.  Nos.  9  and  10  (hew 
parallel  planes  like  internal  Gratification  which  has  often  apr 
peared  in  chalk,  in  confequence  of  the  adion  of  heat,  though 
nothing  of  the  kind  could  be  feen  in  the  native  maiii.  No.  1 1, 
very  com  pad,  and  of  a  yellow  colour. 

*  fiy  various  trials,  to  be  given  in  detail  hereafter,  it  appears  Great  I 
diat  the  carbonate  in  all  thefe  experiments  has  undergone  a  ^xq^^^ 
great  diminution  of  bulk,  amounting  in  fome  cales  to  mora 
than  4*  of  the  original  mafs ;  and  that  its  denfity  has  been  pro* 
portionably  increaied.  At  the  fame  time  the  poro6ty  of  the 
fiibftance  has  diminiibed  in  a  ftill  higher  degree.  Thus  it  is 
found  that  chalk  in  its  natural  ftate  abforbs  and  retains  from  20 
to  25  per  cent,  of  water;  but  after l>eing  expofed  to  heat  un- 
der compreffion,  that  it  does  not  abforb  quite  0.2  per  cent,  or 
the  500  part  of  its  weight. 

•  Nos.  12,  13.  Examples  of  welding,  jn  which  the  pounded  Othtrj 
chalk  has  been  incor|X)rated  with  a  lump  of  chalk,  upon  which  _(v^  ^  ^^^^ 
it  had  been  rammed,  fo  that  their  joining  is  hardly  vifible  in  under  ftrong 
the  fraaure.  ^^"""^ 

Nos.  14,  15t  16.  Shewing  the  fufion  of  the  carbonate  well 
advanced,  with  a  confiderable  adtion  on  the  porcelain  tube.  In 
No.  15,  the  rod  of  chalk  is  half  melted,  and  a  yellow  fub- 
£lance  produced  by  a  mixture  of  the  carbonate  with  the  porce« 
lain.  No.  16  is  a  Iiunpof  cha!k,  in  a  (late  indicating  foftnefs  ; 
a  piece  of  porcelain,  which  lay  in  contad  with  it,  having  funk 
a  Klrfe  into  the  fubftance  of  the  carbonate. 

Nos.  17  and  18.  being  delicate,  are  inclofed  in  tubes  of 
gkfs*  No.  17»  formed  from  pounded  chalk,  (hews  in  one 
part  the  mod  complete  formation  of  fpar  with  its  rhomboidal 
firadture  I  l)ave  ever  obtained.  The  carbonate  having  lo(i  fome 
ef  its  carbonic  acid,  had  crumbled  lo  much  in  its  eflential  parta 
by  the  adion  of  the  air,  that  the  cry(iallizatioA  was  no  longer 
vi£ble,  and  I  had  given  up  the  fpecimen  for  loft  till  within 
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u  thefe  dew  days.  When  employed  in  evamiiijng  Ihcfe  refultv  ' 
a  mafs  of  the  carbonate  broke  in  iwo,  and  «xhibiled  (bts.frac-' 
lure  now  before  us  noarly  in  asgood  a  fialc  as  it  waioriginalljr. 
1  im mediately  inclored  it  in  a  glafs  lube,  and  fealcd  it  up  with 
wax,  fo  that  I  have  Kopei  of  preferving  il.  In  the  mean  lime 
I  am  happy  to  (hew  it  entire  lo  Ihc  Society.  No.  18,  likewife 
from  pounded  chalk  h  perreclly  frefb  and  entire,  though  made 
more  than  a  year  ago;  it  lliews  fmne  beautiful  clear  cryftala  of 
rpar  in  parallel  plates,  but  is  fo  fmall  a!^  to  require  the  life  of  a 
glaf*. 

Not,  19,  20,  21,  fhew  examples  of  fullon  and  aCilononlhe 
lubes.  In  number  )  9,  a  Itieil  is  finely  united  lo  fome  pounded 
dialk.  In  No.  20,  the  maf*  originally  of  pounded  chalk  is 
finking  upon.ttfell,  and  afling  at  the  fame  time  upon  the  tube. 
The  pure  carbonate  in  it«  fiadure  (hewing  brilliant  facettes  of 
cryAallizalion.  In  No.  -il,  ihe  carhonale  in  a  Hate  like  the 
taft;  the  compound  of  porcelain  and  carbonate  lljewing  ils  li~ 
quidity  by  penetrating  the  lube  fo  as  lo  form  a  diflinfl  vein, 
and  then  fpreading  un  ils  oulfide  lo  a  confiderable  extent,  ter> 
mtnaling  wiih  the  blact  line  above  alluded  lo. 

Nos.  22,  23,  2+,  give  proofi  of  entire  fulion.  In  No.  22, 
vre  fee  Iwo  porcelain  tubes  intlofed  (or  prefcrvalioii  in  a  giaft 
lube,  the  fealed  end  of  which  muli  be  held  downwards,  lo 
fhew  Ihe  pofition  in  which  the  experiment  was  made.  Hie 
innernDoft  porcelain  tube  Hands  with  ils  muzzle  upwards,  and 
the  outermoll  covers  ii  in  Ihe  inverfe  pofition;  the  carbonate 
was  contained  in  the  inner  lube.  During  the  aflion  of  heat, 
the  barrel  failed  fuddenly,  and  the  carbonate  has  boiled  over 
the  lips  of  the  inner  lube,  running  down,  as  here  appears, 
alinojl  to  ils  bollum ;  thus  proving  that  immediately  previous 
lo  Ihe  failure  of  the  apparatus,  Ihe  carbonate  had  been  in  » 
liquid  Kate,  No.  23,  two  malTes  of  carbonate,  welded  toge- 
ther in  a  complete  Hale  of  froth.  The  fubfionce  (liining  apd 
Iranrpareni.  No.  24,  Iwo  feparate  mall'es  expofed  logether.to 
heat;  one  from  pounded  chalk,  now  in  a  flate  quite  like  the 
hd;  the  other  put  in  as  a  lump  of  chalk  drelfed  flat  at  both 
ends,  and  a  letter  cut  on  each  end  (as  done  in  many  of  Ihe 
experiments.)  It  is  in  a  fhining  and  almoU  tranfparent  Date; 
at  one  end  the  flat  form  and  the  letter  are  ftill  viiible;  the  other 
eiul  is  completely  rounded  in  fufion,  with  a  glolty  ftrrface. 

Nor. 
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tfoi.  t5,  ^6,  refulti  of  coal.  No.  25,  prodaced  by  the 
fbiion  of  common  coal  under  prelTure  in  low  red  heat.  It 
pve  flame  powerfully.  No.  26,  coal  produced  from  bom. 
It  It  a  ihinuig  black  fubftance,  exadiy  refembling  pitch  or  pe- 
troleuffl^  and  boms  with  a  bright  flame. 

JAMES  HALL. 


LX. 

4twiofpkerical  Air  not  a  mechanical  Mixture  of  the  Oxigemmt  and 
jkotic  Gafet,  demonftrated  from  the  Specific  Gravities  qfih^ 
Fkddim    ]n  a  Letter  from  Mr,  John  Gough. 

To  Mr.  NICHOLSON. 
SIR, 

JL  HAVE  already  attempted  to  prove  common  air  not  to  be  a  Intradiiaaii  ta-t 

mechanical  mixture.     The  arguments  which  I  nfed  for  the'''''''** 

purpofe^  were  drawn  from  the  properties  of  refrafied  light 

pnd  the  motion  of  founds  through  elaflic  fluids.     Such  proofs 

are  of  an  tndired  nature ;  and  though  the  mathematician  may 

lee  the  force  of  thcro»  they  may  not  carry  an  equal  degree  of 

convidion  to  the  cbemifl,  who  ought  alfo  to  be  convinced* 

The  following  obfervations  apply  more  immediately  to  the 

Ibbjedt ;  and  I  do  not  perceive  bow  they  can  be  refuted,  unleft 

this  be  done  by  difputing  the  accuracy  of  the  experiments  on 

which  they  are  founded.     The  prefent  enquiry  has  the  re- Ezperuaeati 

commendation  of  being  flatical,  and  the  data  of  my  calcula*^''^ 

tions  are  borrowed  from  certain  experiments  made  by  Mr; 

Kirwan  and  M.  Lavoifler.     According  to  the  former  gentle* 

man,  if  the  weight  *  of  atmofpherical  air  be  denoted  by  1000, 

that  of  an  equal  bulk  of  carbonic  acid  gas  will  be  1500|  of 

oxigenous  gas  1103,  of  azotic  gas  985.     An  attempt  to  A\U 

coy^  the  comparative  weights  of  a  number  of  gafes  is  a  difl&- 

cult  undertaking;  but  the  precedmg  ratios  may  be  ufed  with 

feme  degree  of  confidence,  becaufe  they  have  beeneiUbliflicd 

by  a  philofopher  of  the  highefl  reputation.    Then  in  ordeNd. 

apply  them  to  the  bufinefs  in  hand,  we  will  fuppofe  the  weight 

of  100  cubic  inches  of  common  air  to  be  denoted  by  unity; 

^ough  the  real  weight  of  the  quantity  may  be  dated  at  SI  Eqvatioiitto 

•  Eifay  on  Phlogifton.  in  ju^,    ^^^^^^ 

grains. 
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grain*,  according  to  Mr.  Kirwan.    Alfo  let  the  charaders 

w,  I,  and  y,  eKprers  refpeaively  llie  cubic  inches  of  llie  car. 

tbuiiic  acid,  the  o:£igenous,  and  azotic  gafes,  wliich  compofe 
the  mixlure  contained  in  100  fulid  inches.  Now  w  -{- 1  -]-jr 
=  100  inches  by  hypothelis.  But  if  lOO  inches  of  ait  be  dcr 
noted  by  unity,  the  lame  bulk  of  carbonit:  acid  gas  will  bt; 
exprelTed  by  the  fraflion  'fi%%,  by  the  experimental  data; 
confequently  the  weight  of  this  gas  in  the  mixture  will  be 
found  by  the  following  proportion ;  t,  e.  ai  100  :  44^^  : :  U' : 

I7%t%Vc-  I"  I'l^s  manner,  the  weight  of  llie  o\igeii  is  found 
lu  be  TTs^*^,  and  that  of  the  aaole  is  t^^Hts-  Now  the 
runi  of  thele  weights  is  equal  to  unity  by  the  premifes  of  the 
calculalion  :  if  then  the  equation  be  multiplied  by  tOUOOO  on 
(he  common  denominator  of  the  unknown  quantities,  it  alTjmcs 
the  fullowing  form  ;  i.e.  ISOOw  +  1 103;r  +  985  y— 100000. 
Thus  it  appears  that  we  have  only  two  equaliuns,  when  the 
quantities  lobe  detennined  are  three  ;  this  circumflance  leaver 
the  problem  unlimited ;  that  is,  the  value  of  one  of  llie  quan- 
tities mult  be  difcovcred  wiihoul  the  aid  of  calculation. 
Airnntims car.  M.  Chaplal  lakes  no  notice  of  the  carbonic  acid  in  his  ob- 
^onjc«i*.  fervaliors  on  the  conllilulion  of  common  air ;   which  appears 

^^  to  be  an  overfight,  at  leaft  in  a  general  view  of  ihe  fubjeft ; 

^^K  for  various  proceHes  of  nature  as  well  us  art  conllanlly  dif> 

^^H  charge  ihis  gafeous  acid  into  the  atmofphere,  where  its  pre- 

^^^  fence  is  alfo  indicated   by  quick-lime  being  converted   into  « 

carbonate,  when  placed  in  open  fituaiions,  Thefe  h&i 
amount  lo  more  ijian  a  probability,  that  the  lower  parts  of  (he 
atmofphere  contain  a  flight  admixture  of  the  carbonic  acid  : 

»thiii  fmall  portion,  however,  was  undpubledly  retained,  in  4 
great  meafure,  by  Ihe  azotic  gas  which  Mr.  Kirwan  ufed  in 
his  experiments;  becaute  he  prepared  it  from  common  air, 
which  was  confined  over  mercury,  logeliier  with  a  pafle  of 
fulphur  and  (he  tilings  of  iriiii. 
-  tsiy  deter-  This  fingle  confideralion  induces  me  to  foiiij.v  (he  exampk 
aiati.  „f  Ji,  Chaplal  in  making  w  of  no  vaUn--i  and  llie  flep  may  be 

taken  with  the  greatcR  fecurity  in  the  prelent  inllance,  be* 
caiife  it  increafes  the  value  of  i,  if  it  alter  it  at  all ;  that  i.s. 
the  amount  of  the  ovigenous  gas,  as  found  by  calculation,  will 
exceed  Ihe  truth,  on  ihe  fujipi'liiion  that  the  carbonic  acid 
remained  in  the  azotic  gas,  which  Mr.  Kirwan  weighed.  Il^ 
then,  u'  be  put  equal  to  nothing,  the  preceding  equations  al- 
fume 
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tome  tbe  following  forms ;  i.  e.  i+y^  100,  and  1 103  *  + 
985^=:  lOOOOO.  Multiply  the  former  by  985,  fublraa  the 
produd  from  the  latter,  and  you  will  have  the  following  equa- 
tion; i.e.  Il8x=1500:  Hence  by  divifion,  x=12,^; 
and  the  excefs  of  100  above  this  number  gives  j^  =  87,-y^ 
The  fteps  of  this  procefs  have  been  detailed  minutely,  with  a 
view  to  enable  the  chemical  reader,  who  has  the  leall  know- 
ledge of  algebra,  to  confider  the  grounds  of  the  following 
conclufions,  and  to  form  his  own  judgment  refpefting  the 
weight  of  them. 

It  is  evident  from  the  foregoing  calculation,  that  if  1 00  parts  Air  not  t  pihi. 
of  a  mixture  of  the  oxigenous  and  azotic  gales,  having  tne  ^q,  and  azodc 
fpecific  gravity  of  common  air,  were  deprived  of  their  oxigen  8«^c»* 
in  a  graduated  tube,  the  redduum  would  meafure  fomething 
more  than  87  fuch  parts,  I.  e.  S7,yJ.     But  when  an  equal 
bulk  of  the  atroofphcrical  fluid  is  treated  in  the  fame  manner, 
the  portion  of  it  which  remains  unabforbed,  is  much  lels  than 
the  preceding  quantity ;  M.  Cliaptal  makes  it  to  be  72  fuch 
parts,  and  fome  writers  call  it  78,  the  mean  of  which  is  75. 
Now  if  we  fubtrad  any  one  of  thcfe  numbers  from  the  reii- 
duum  fixed  by  calculation,  a  difference  will  be  found,  which 
rcannot  be  referred  to  the  unavoidable  imperfedions  of  eudio- 
meters, becaufe  it  could  hardly  efcape  obfervation  in  any  in- 
ilrument  of  the  kind,  the  leafl  excefs  being  more  than  nine 
parts,  or  nearly  a  tenth,  of  the  whole  fcale  of  100  parts.     On 
the  other  hand,  a  mixture  of  72  parts  azote  and  28  oxigen,  or 
of  78  of  the  former  and  22  of  the  latter,  exceeds  an  equal  bulk 
of  common  air  in  weight ;    confequently  the  atmofpherical 
fluid  is  not  a  mechanical  mixture  of  the  two  gafes  in  queftion, 
*if  any  credit  be  due  to  the  experimental  data. 

Though  mir  has  been  (hewn  not  to  confift  of  the  oxigenous  Air  a  ga£eous 
and  azotic  gafes  fimply  mixed  together,  it  is  certainly  a  com. °*****  ***^' 
pound  that  may  be  refolved  into  thefe  two  principles :  For 
be6des  fupporling  refpi ration  and  combuHion,  it  converts  me- 
tals into  oxides,  and  the  nitrous  gas  into  nitric  acid ;  therefore 
it  contains  the  oxigenating  principle.  On  the  other  hand, 
when  air  is  employed  to  oxigenatc  bodies,  the  refiduum  of 
it  is  azotic  gas  of  greater  or  lefs  purity;  confequently  the  at. 
mofpherical  fluid  is  a  gafeous  oxide  of  azote,  which  can  be 
decompofed  by  art,  though  chemifls  have  not  as  yet  difco* 
vered  a  certain  method  of  producing  it  at  pleafure,  by  uniting 
Ifae  oxigenating  matter  to  the  azotic  bafe. 

Ia€X» 
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Sttiicil  miljCi       Fafli  have  obliged  me  lo  give  a  name  to  common  air,  whidi 

'•  *•'  has  ix-en  h'itherlo  exdufively  applied  lo  ihe  deplilogiflicaUd 

nitrous  air  uf  Dr.  Prieftly.     This  remark  being  made  for  the 

Cike  of  perfpicuitj',  I  will  endeavour,   in  llie-  pext  place,  [o 

I  give  a  flalical  analj  fit  of  llie  atmofpberical  fluid.    If  100  cubic 

inchei  of  common  air  wcigli  3 1  gi^im,  ihe  welglu  of  an  equal 
bulk  of  azotic  gas  will  be  30,335  grain*;  becaufe  as  1000:31 
::  98d  :  3D.5S5  :  in  like  manner  (he  weight  of  100  cubic 
inches  of  OKigenous  gas  will  be  found  lo  be  34,193  grains. 
The  [|uantily  of  azotic  gas  in  100  cubic  inches  of  air,  will  be 
flaied  at  Tb  indies  in  the  prefent  calculalion,  for  the  following 
teafons  :  Firjl.  Becaufe  7i  is  llie  mean  of  T2  and  78  }  fecon^, 
Becaufe  M,  Laroifier  found,  that  four  inches  of  oxigenous 
gas  and  1 6  inches  of  air  latuiate  equal  quantities  of  ihe  nitrous 
gaa.  Thefepremifes  being  fettled,  we  fliall  find  the  weight 
of  75  inches  of  ajiolic  gai  to  be  22,90125  grains;  confequenlly 
the  weight  of  the  oKigen  gas  in  100  cubic  inches  of  common 
air,  is  the  excefs  of  31  above  the  lad  number,  or  8.09875 
grains ;  therefore  as  34.193  t  100  inches :  :  8,09875  grains 
:  23,685  inches,  which  is  the  meafure  of  the  oxigen  gas  in  1 00 
cubic  inches  of  common  airi  when  the  azotic  gas  is  Hated  at 
75  inches.  Thus  it  appears,  that  if  100  parts  of  the  atmo- 
fpherical  fluid  were  decompofed,  Ihe  elementary  gafes  would 
occupy  (ngclhcT  no  more  than  98.635  fuch  parts;  and  a  di& 
ference  ol  a  like  nature  will  be  obferved,  if  the  azotic  gas  be 
called  72  or  78  prr  cent. ;  hence  it  follows  that  the  denfity  of 
air  is  lefs  than  that  of  the  mechanical  nii\.iure  of  its  elements. 
This  pofition  may  appear  paradoxical  at  the  lirll  view,  but 
chemiHry  can  furnidi  various  inOaiices  of  compuunds,  which 
□re  fpecificaliy  lighter  ihao  the  aggregates  of  their  ingr^ 
dicn(<. 

TbtociMn*'        This  analyfin  muft  remain  incomplete,  until  the  powers  of 

ibe  ■irtompirtdtheoxigen  of  the  aiinofphere  have  been  compared  with  the 

•kh  the  oiiiui-  correfponding  effcd  of  an  equal  weight  of  the  oxigenous  gas. 

Such  an  attempt,   however,    is  liable  to  great  uncertainty; 

becaufe  the  experiments  which  fliould  fupply  the  neceflary 

I  data,    arc  variouily  reprefentcd  by  different   writers.      M, 

Lavoifier  fays,  that  four  parts  of  oxigenous  gas  and  nearly  16 
of  common  air,  oxigenate  equal  bulks  of  nitrous  gas,  namely 
17,y  parts.  On  the  contrary,  M.  Chaplal  found  by  repealed 
•ipeiiments,  that  12,  or  at  moll  13,  pads  of  air  were  fuffi- 
cient 
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ciMt  k>  fintunUe  Uie  fame  quantiiy  of  nitrous  ga$.    Tho  dmta 

of  the  folbwing  calculation  are  taken  partly  from  tbe  one  and 

jwrtly  front  Ibe  other  author :  I  have  fuppofed  with  M.  La-  ' 

voifier,  limi  three  inches  of  the  oxigenous  will  acidify  IS 

iQcbes  of  the  ftftrous  gas :  M.  Chaptal  is  followed  in  other  re- 

fpe^^  namely,  the  atmofphere  is  imagined  to  contain  72  per 

caU.  of  aaote,  and  39  inches  of  air  are^made  equivalent  to  52 

o£  nitrous  gas*    The  calculation,  which  is  formed  upon  thefe 

Ibppofitions,  wtH  in  all  probahility  prove  iocorre^ ;  but  I  have 

▼entared  to  infert  it,  as  being  a  novelty,  which  is  likely  to 

excite  enquiry.     If  39  inches  of  air  can  faturate  52  of  nitrous 

f;as»  100  inches  of  the  former  require  133.333  of  the  latter. 

Again,  if  13  inches  of  nitrous  gas  demand  three  of  oxigen, 

135.333  of  the  former  will  require  30.303  of  the  latter.     But 

the  weight  of  30.303  inches  of  oxigenrgas  amounts  to  10.361 

grains,  which  is  equivalent  in  effedt  to   100  inches  of  air. 

Now  72  inches  of  azotic  gas  weigh  21.985  grains,  which 

being  taken  from  31  grains,  leaves  9.015  grains  for  the  weight' 

of  the  oxigenous  part  of  100  inches  of  air;  in  round  numbers, 

90  grains  of  the  latter  kind  of  oxigen  arct  .equal  in  effed  to 

103  of  the  former. 

I  know  that  M.  Lavoifier,,  in  fpeaking  of  the  conftitution 
of  nitric  acid,  makes  100  grains  of  it  contain  64  grains  of  the 
nitrons  and  36  of  the  oxigenous  gas ;  or  173  inches  6f  the 
former  and  105  of  the  latter.  Had  the  data  of  the  preceding 
calculation  been  taken  from  this  ratio,  the  comparative  fupe- 
liority  of  atmofpherical  oxigen  would  have  been  much  greater 
than  it  appears  to  be  by  the  lad  paragraph.  A  preference, 
bowever,  has  been  given  to  the  preceding  hypothefis,  becaufe 
I  defire  to  excite  enquiry,  rather  than  expe^  to  edablifli  any 
Ihiog  of  a  permanent  nature  concerning  the  fubjedt. 

The  preceding  arguments,  in  conjundion  with  others  of  a  The  ori^a  of 
lund  more  uncertain  than  ihemfelvcs,  fuggefled  to  roe  the  [j^^  ph^^J^^ 
probability  of  atmofpherical  oxigen  poflcffing  a  greater  degree  vol.  viii.  p.  246* 
of  efficacy  than  an  equal  weight  of  vital  air.     This  idea  oc- 
curred to  me  feveral  months  ago;  and  I  at  length  refolved  to  « 
propofe  it  to  the  public  in  a  number  of  hypothetical  queflions, 
which  appeared  in  your  Journal  for  Augud.     Thefe  queries 
9ge  evidently  borrowed  from  feme  ingenious  fpeculations,  that 
were  publilbed  in  the  eighth  volume  of  the  fame  work  * ;  for 

»  Pagp  U. 
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the  qaeriei  imply,  in  common  with  the  remarlci  here  alladej 
to,  that  the  oxigenaiing  mailer  Lf  water  chemically  united  t« 
the  pofiiLve  power  of  the  galvanic  pile.  In  order  lo  aciom- 
nrodate  Ihit  noliun  lo  the  cafe  or  common  air,  I  have  fuppofed 
thai  tlie  oxigCn  of  Ihv  atmofphefe  receives  a  flronger  charge 
of  the  power  in  quetliun,  than  that  which  is  imparled  to  vital 
air;  in  conf«qiience  of  which  it  lakei  op  an  additional  quan* 
tii^  of  waler,  upon  being  dil'untlcd  from  the  azotic  hatis,  and 
ii  thuE  converted  into  oxigenoui  gat.  Should  future  experi* 
mcnt*  difcover  ihat  bodies,  nhich  are  oxigenaled  by  given 
portions  of  common  air  in  conlaO  willi  water,  acquire  more 
weight  than  (he  air  lufc,  the  diftovery  will  undoublcdlj'  opes 
a  wide  Held  for  enquiry. 

JOHN   GOUGH. 
AfiddlrJiMii,  Sept.  5.   IHO*. 
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the  Di/vvvery  of  a  new  nioviag  Star,  by  Mr.  HaRoikg,  tff   ™. 

LilicnlAal;  and  on  other  Subjcfti. 
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To  Mr.  NiCHOLSON. 
De\r  Sib, 

1  HAVEjufl  received  a  letier  from  Dr.  Gaufi  of  Brunfwicfc 
'''  t'.  R.  S.  dated  September  11,  in  which  he  informt  me  ihat, 
a  few  days  before,  Mr.  Harding  at  Lilienihal  had  difcovered 
"  a  new  moving  (lar,  moD  probably  another  new  planet  of 
our  folar  fyftem."  Dc,  Gaufs  is  certainly  a  perfon  on  whofe 
judgment  much  dcpendance  may  be  placed:  He  has  fent 
Ionic  further  particulars  of  the  difcovtry  to  the  ARronomer 
Royal. 

1  take  thii  opporlunily  of  making  a  ctilicifffl  on  a  work  of 
^' great  cxperimcnial  merit  which  has  lalely  appear«d.  It  re* 
late<:  lo  the  apparent  eKpaoGon  of  water  in  a  vellel  of  glafs. 
Mr.  Leflie  calculates,  from  the  fuppotilion  that  the  cxpaniion 
of  water  is  proportional  lo  the  fquaie  of  the  d^reei  of  tem- 
perature above  ihc  freezing;  point,  and  from  the  «xpanlion  of 
glafs  meafurcd  by  Cencral  Koy,  that  the  apparent  maxitmint 
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dT  deofity  flioald  be  at  6^  of  the  decimal  fcale :  but  be  bas 
taken  in  this  calculation  the  mean  rate  of  expanfioo  from  the 
fireenng  to  the  boiling  point,  inftead  of  the  expan6on  at  the 
boiling  point,  which,  upon  the  fuppofition,  is  twice  as  great ; 
the  apparent  maximum,  on  the  fame  grounds  of  calcu- 
I,  ihould  be  at  3^  of  the  decimal  fcale,  or  at  37.4^  of 
Fahrenheit.  Mr.  Dalton  attempts  to  avoid  this  difficulty  by 
Aippofing  that  the  thin  bulb  of  a  thermometer  expands  more 
tban  the  glafs  tube  employed  by  General  Roy. 

The  fane  ingenious  author  has  made  experiments  on  the£l^i^9^  ^ 

ehflictty  of  different  fubftances,  by  meafuring  the  depreffion  *^ 

pf  the  middle  of  a  bar  fupported  at  its  extremities ;  but  if  I 

am  not  much  miftakeuy  his  inferences  from  them  are  by  no 

means  accurate.     Mr.  Leflie  gives  67 1 625  feet  for  the  height 

of  a  column  of  deal  equivalent  to  its  elafiicity ;  the  true  height 

refttlting  from  his  experiments,  taking  into  confideration  alfo 

the  inequality  of  curvature,  appears  to  me  to  be  4664000 

feet;  which  is  flill  little  more  than  half  as  much  as  would  be 

inferred  from  the  experiments  of  Chladni  on  the  longitudinal 

founds  of  fir  wood.    There  mud  have  been  fome  inaccuracy 

in  Mr.  LeiUe's  experiments  on  fleel  differently  tempered :  for 

it  appears  from  the  direct  experiments  of  Coulomb  on  the 

flexure  of  bars,  «)  well  as  from  thofe  of  Chladni,- and  fome 

of  my  own,  upon  found,  that  the  ultimate  elafticity  of  fteel 

in  fmall  tenfions  is  the  fame,  wliether  it  is  harder  or  fof^er. 

This  may  appear  at  6rff  fight  paradoxical,  but  it  admits  of  a 

iifficient  explanation!  which,  together  with  many  other  illuf** 

trations  of  various  parts  of  natural  phi!ofuphy»  will  probably 

hcfere  long  be  laid  before  the  public. 

Your  ^'ery  obedient  fervant, 

THOMAS  YOUNG. 

W^bcck  Street,  Sep.  22,  180*. 


'..I      '  :  '•  0-i         '.*. 


f 


T 


Vol.  IX.— OctMiR,  1804,  I  DeJtripUon 


t 
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XI. 

D^iption  q/"  an  Ixjirumcnt  to  ajia-rain  ihe  Nun^Kr  t^  Lifts 
made  from  a  Mine,  in  any  given  Time.  By  Mr.  John 
Anti»  ". 


SIR, 
fa    ll 


coantln   the  HAVE  lalely  been  encouraged  by  fome  gentlemen  engaged 

fifii  tUm  a  ill  fame  coal  mines  in  lliisiiclglibourliood,  to  invent  a  machine, 

""o"-  which  would  infallibly  LeII  the  number  of  boxes  of  coals  drawn 

^^^F  out  of  a  pit  in  the  courlc  of  a  week,  or  any  given  time.     I 

^^^H  have  ju(1  now  completed  a  model,  which  I  think  would  anfwcr 

^^^H  the  purpofe  extremely  well. 

^^^B  Before,  however,   1  make  it  known,  I  thought  I  would 

^^^^^  inquiie  of  you,  whether  fuch  an  invenliop  might  be  of  a  more 

^^^H  exienlive  ufe,  and  a^  fuch  would  dcfeive  the  attention  of  ihc 

^^^H  Society. 

^^^H  The  machine  is  very  fimple,  and  need  not  be  expenfive; 

^^^H  its  properties  are  as  rollow  : 

^^^H  I .  It  is  of  no  confequence  if  the  pit  be  ten,  twenty,  forly, 

^^^^1  or  more  yards  deep.     It  will,  nolwiihUanding  this  difference, 

^^^H  only  point  out  one  box  at  once ;  and,  fuppofing  (he  pit  lo  be 

^^^^V  '  feveral  hundred  yards  deep,  the  principle  will  remain  the 

^^^H  fame,  and  the  machine  could  be  eafily  adapted  for  it, 

^^^B  2.  It  h  likewile  of  no  confequence  if  the  coals  be  drawn  up 

^^^B  by  a  hand  windlafs,  or  any  other  machine  turned  by  hories  oi 

^^^^r  other  powers. 

^^^H  3.  No  account  is  ncceOary  lo  be  kept  for  a  whole  week,  or 

^^^H  any  given  time,  as  the  machine  can  be  calculated  for  any 

^^^^a  quantity  of  coaU  whatever,  that  can  bedrdwn  up  ina  given  lime. 

^^^^B  Only  allowance  mull  be  made  liir  the  number  of  perlons  that  go 

^^^^  down  and  up  in  the  fame  way. 

^^^^B  1  have  not  yet  heard  of  any  contrivance  of  this  kind  ;  and 

^^^^v  therefore,  if  there  be  any  fuch,  it  is  unknown  to  me,     Who- 

^^^V  ever  knows  the  fiaud,  which  is  but  too  often  committed  by 

^^^^^  bankfmen,  in  accounting  for  (he  quantity  of  coals  procured 

^^^H  from  a  pit,  will  readily  admit  the  utility  of  fuch  a  contrivance. 

^^^^H  And  it  may  moll  likely  alfo  ha  ufeful  in  tin,  lead,  and  other 
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mines*    Shoald  the  Society  be  of  the  fame  opinion,  then  I  Inftrumeiit  fbr  ' 
will  fend  yen  m  (HII  more  complete  model  than  at  pr^^^cnt.  ^°^^T* 
Your  fpe^j  anfwer  will  very  much  oblige  muie* 

Your  mod  obedient  Servant, 

JOHN  ANTIS. 
Fubieck,  March  6,  1S02. 

Charles  Taylor,  Efq. 

SIR, 

I  HEREWITH  {tt\A  you  a  model  of  my  roachine>  which  t 
have  before  mentioned  to  yea,  for  pointing  out  any  number  of 
boxes  or  balkets  of  coals,  or  other  minerals,  which  are  drawn 
oat  of  a  pit  in  any  given  time.  I  (hall  be  much  obliged  to 
yooy  if  yott  will  lay  it  before  the  Society  for  the  Encouragement 
of  Arts,  &c.  for  their  infpe^ion,  and  (hall  be  glad  that  they* 
find  it  of  pablic  utility. 

It  will  ^(ily  be  perceived,  that  by  enlarging  the  wheels 
and  multiplying  the  cogs  of  them,  the  number  of  yards  re« 
quired  for  the  depth  of  a  mine,  as  likewife  the  number  of  boxes 
which  are  wanted  to  be  pointed  out  may  be  carried  to  any 
extent. 

I  am  fo  little  acquainted  with  coal-pits,  or  any  other  mines^ 
that  I  do  not  know  the  technical  terms  by  which  the  different 
parts  are  called,  nor  all  the  methods  now  ufed  to  draw  up  thofe 
materials ;  I  muft  therefore  beg  the  indulgence  of  the  Society^ 
if  I  do  not  always  exprefs  myfelf  with  accuracy. 

^y  inventing  this  machine,  I  aimed  at  afcertaining  (he 
number  of  boxes,  my  ideas  refpcAing  which  I  will  endeavour 
to  defcribe,  to  the  heft  of  my  abilities. 

Fird,  the  rope  muft  be  fo  long,  that  it  can  be  faftcned  at  its 
middle  to  the  windlafs,  and  that  each  end  thereof  may  reach 
to  the  bottom  of  the  pit.  This  precaution  wjll  not  be  neceftary, 
if  it  can  be  prevented  by  any  other  means  from  fliifting  or 
Aiding,  which  I  leave  to  others,  more  acquainted  than  I  am 
with  the  prefent  pra61ice,  to  effed. 

The  roller  A,  Plate  VII.  Fig.  1 ,  in  the  model,  with  the  endlefs 
fcrew,  reprefents  the  gudgeon  in  full  fize  of  a  hand  windlafs, 
fuch  as  are  ufed  in  this  neighbourhood,  particularly  where  the 
pits  are  of  coniiderable  depth*  As  no-  great  ftrefs  is  laid  upon 
Ibis  fcrew,  it  may  be  made,  in  order  to  fave  labour,  of  brafs, 
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for  and  driven,  or  olheTwife  fattened,  upon  any  gudgeon.  I 
fuppofe  ihe  windlafs  lo  be  one  yard  in  circumrerence ;  and 
conreqiiPiiily  tor(y  rovolutiont  of  ii>e  vciodlal'i  ore  tequiied 
before  ihe  firli  wheel  B,  upon  which  ihe  brafs  calch  C  is  tined, 
turn!  once  round.  The  pil.  iherefore.  may  be  only  ten  yards, 
or  from  fevenly  to  fevenly-five  yards  deep,  )cl  it  will  make  no 
difl^rence.  All  that  it  required  lo  regulate  the  machine  lo  the 
depth  of  Ihe  pil,  is  as  follows: — If  ihe  pit  be  lillle  more  or 
lefs  than  ten  yards,  the  firA  wh«cl  muA  be  To  placed  in  the  end- 
lefs  fcrew,  that  the  brafs  catch  C  may  be  at  the  beginning,  but 
jlifl  efoaped  from  the  cogs  of  the  fecond  wheel  D.  It  will 
iben  only  want  tiveor  lix  revolutions  of  the  nindlafs  backwarda, 
before  the  faid  catch  is  ready  to  operate  again,  Bui  fuppofing 
t^e  pit  to  b«  fevenly  yards  deep,  in  this  cafe,  Ihe  catch  C 
null  be  placed  fo  as  nearly  lo  be  ready  to  aft.  fiy  turning 
backward^,  the  wheel  may  verj  nearly  make  two  revolutions; 
and  as  it  can  be  flill  turned  ai  far  the  other  way,  the  catch  will 
Wily  aft  once,  provided  the  faid  wheel  doet  not  <)uite  make 
two  revolutions. 

The  model  is  about  Ihe  fize  required  for  a  comman  hand 
windlaf).  The  index  will  at  once  Ihow  how  many  times  iit'ty 
boxes,  and  Iiow  many  abovi^  and  below  lh:il  number,  have  been 
drawn  up :  not  one  of  them  can  ekape.  Allowance,  however, 
maH  be  uiadc  for  the  number  of  pf  rfont  who  go  up  and  down 
in  ihe  fame  way.  Befideii  this,  iince  one  box  is  always  coming 
up,  wliitft  the  oilier  is  going  down,  the  numberi  pointed  at 
null  be  doubled,  except  a  perfon  was  delirouj  to  have  a  ofa- 
chins  aSing  both  ways,  which  would  haidiy  be  worth  while. 
^s  lh«  machine  is  at  prefeni,  ihough  it  points  out  a  ihoufaiKl 
boxea  only,  yet  it  will  ferve  lor  two  ihoufand. 

The  fame  mechanifm,  with  very  lillle  variation,  may  be 
fiKcd  lo  a  horfe  machine,  called  a  gWi,  in  this  neighbourhood  ; 
via.  as  a  gin  may  be  ten  yards  or  more  in  circumference,  iho 
adion  would  be  loo  flow,  if  moved  by  an  endlefs  fwew  ;  ■ 
piainn,  with,lour  leaves,  will  be  found  much  moie  convenienl. 
Thit  pinion  is  fixed  lo  the  end  of  the  upper  gudgeon,  which  en- 
tfn  tlM  box  eontainiqg  the  machinery.  As  feme  accuracy  is 
required  lo  make  fuch  a  piniou  work  well,  and  theft:  macbinei 
arc  often  coartt-l)  conllrufled,  it  will  be  necelfary  only  lo  make 
about  one  inch  and  a  half  of  the  end  of  ihc  laid  gudgeoa  ex- 
afti)'  round,  namely,  that  part  of  it  whicb  goes  through  (be 
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bottom  of  the  box,  and  then  fatten  the  fatter  fo,  that  it  can  ^"•'JgJjJ/^ 
ghre  way  to  any  remaining  inaccuracy  of  the  other  parts  ot^|^  ^ 
the  gudgeon,  mine. 

I  have  font  a  drawing*  of  fuch  a  machine,  ^hich  will  be 
eafily  underftood,  iince  the  principle  is  the  fame  as  in  the 
model.  But  as  gins  are  commonly  made  ufe  of  in  deep  mines, 
I  have  made  it  upon  a  larger  fcale  ;  viz.  the  firA  wheel  *has 
fixty-foor  cogs ;  and  this,  with  a  pinion  of  four  leavesy  will 
Rqoire  fixteen  revolutions  of  the  gin^  for  one  of  the  wheel. 
Allowing  ten  yards  for  the  circumference  of  the  gin,  it  wiU 
make  one  hundred  and  fixty  yards  of  rope ;  and  confiderin^ 
that  the  faid  wheel  can  nearly  make  two  revolutions,  and  thai 
the  catch  will  ftill  a6l  only  once,  it  will  confequently  f^erve 
br  a  pit  of  three  hundred  yards  deep,  as  well  as  for  one  of  ten 
or  twenty. 

In  this  machine,  the  three  wheels  are  placed  one  on  another^ 
and  the  index  is  divided  ;  viz.  the  fifty  on  the  fecond,  and  tl;^ 
1000  on  the  third  wheel.  As  the  wheels  move,  the  two  hands 
are  (landing,  which  will  point  out  the  numbers  as  exa6l!y  as 
thole  in  the  model.  Indeed,  machines  for  hand  windlafTes 
may  be  made  in  the  very  fame  way»  and  thereby  be  more 
fimple,  though  the  difference  is  but  fmall ;  viz.  the  box  would 
require  bat  one  lid  and  lock,  and  the  two  fmaller  wheels  be« 
come  unnecefTary. 

Though  in  fetting  the  machine  fo  as  to  begin  counting  with 
one,  it  may  eafily  be  effeded  by  lifting  out  the  fpring,  and  then 
turning  the  wheel  with  the  other  hand,  till  both  hands  Hand 
upon  one,  yet,  in  the  double  index,  the  upper  hand  muft  only 
be  fet  thus  with  the  wheel,  and  the  lower  may  be  moved  round 
on  its  focket. 

In  my  humble  opinion,  my  machines  may  be  ufeful  in  two 
ways;  firfl,  to  the  honefl  banksman,  as  they  will  fave  him 
the  trouble  of  noting  down  each  box  which  is  drawn  up,  and 
prevent  midakes ;  fecondly,  in  the  prevention  of  fraud,  which 
will  be  their  greatefi  and  raofl  important  ufe.  To  obtain  thi^ 
end,  it  is  neceffary  that  the  machine  be  fo  contrived,  that 
nothing  effentially  wanted  can  be  difengaged.  I  have  there- 
fore made  the  model  fo  as  to  frufirate  any  fuch  dofign.  All  h 
within  the  box ;  and  neither  the  endlefs  fcrew  can  be  dilen- 

*  This  drawing  is  in  the  Society*s  poffeflion. 
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gaged  from  Ihewlieel,  nor  Ihe  fpriiig ;  nor  can  the  number  oa 
t)ie index  beallered  wilbaul  firll  opening  liiebux.  This  lallcr 
can  be  made  of  iron,  if  Tound  neceHary.  wilFi  a  good  lock  lo 
it;  ollierwire,  the  flrcri  is  fo  very  lillle,  that  even  one  of  wood, 
made  in  all  refpea:;  like  the  model,  would  anfwer,  if  it  could 
be  fecurcd  Irom  llie  eff.;rts  of  llie  weather.  In  ihe  machine 
lilcewire,  reprefenled  hy  the  drawing,  nothing  can  be  altered, 
except  the  box  be  firll  opened.  This  machine  is  faliened  to 
Ihebeam  in  which  the  upper  gudgeon  turns,  Toeffeft  this,  (he 
bottom  of  the  box  mull  have  two  projecting  endi  with  holes  in 
them,  larger  than  neceflary  to  receive  a  fliong  pin  or  rivet  j 
which'pins  mull  have  large  lieadi.  To  that  when  properly  driven 
or  riveted  in,  the  box  may  be  able  to  give  way  to  any  remain' 
ing  inaccuracy  in  the  lower  parl«  of  the  gudgeon,  as  1  before 
oblerved.  Thofc  machines  lor  hand  windlalfes,  like  the  model, 
■re  fixed  to  the  fide  of  (he  pofl  into  which  one  of  the  gudgeons 
lurns;  but  perhaps  ihefc  might  likewife  be  contrived  fr>,  (hat 
the  gudgeon  with  the  endlef;  fcrew  may  be  a  piece  by  itfelf, 
attached  only  to  the  wiiidlafs  by  a  Iquare,  or  olherwife,  a«  is 
often  pradifcd  In  other  machineries,  fuch  as  col  ton- mil  I  i,  &c. 
I  am,  Sir. 

Your  obedient  Servant, 

JOHN  ANTIS.       j 
Futiteck,  May  18.  1802. 
Charles  Taylor,  Efq. 


Htfernce  to  the  Model  fint  by  Mr.  Antis  to  llie  Sodey. 

PlateVll.  Fig.  J.  A.  The  roller,  will,  an  endlef*  fgrew, 
to  be  the  GzK  of  the  gudgeon  of  a  hand  windlafs. 

B.  The  firit  wheel,  of  forty  teeth,  with  a  brala  catch  C. 
It  may  be  moved  backwards  or  forwards  by  Ihc  endlcfx  fcrew. 

D.  A  ratchet  wheel  with  fifty  teeth,  which,  when  the  wheel 
B  i(  put  in  motion  one  way,  the  catch  will  Hide  over  the  teeth 
of  it ;  but,  on  turning  it  the  other  way,  the  catch  will  drop 
into  and  forward  this  wheel  one  tooth,  in  which  fitualion  it  is 
prevented  from  returning  by  the  Ipring  E,  placed  on  the  fide 
of  the  box  which  holds  a  louth  on  the  fide  of  the  wheel. 

F.  A  fmall  pinion  of  four  teeth,  on  the  back  part  of  the 
Bxle  of  the  wheel  D.  This  pinion  moves  a  large  wheel  on  the 
Other  fide  of  the  box< 
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Fig.  2.    G.  The  laree  wheel  htt  mentioned  t  it  hat  eighty  laftrameatAr 
«^«k  CMmtingthe 

"*"•  Kfofitloia 

H«  A  fmaller  wheel  of  fifty  teeth»  fixed  fiift  on  the  face  of  nine* 

the  wheel  6 ;  which  wheel  H  works  a  wheel  I,  of  the  lame 
nomber  of  teeth,  ihown  by  dotted  lines  behind  the  figured 
dtaUplate. 

K.  The  (hort  hand,  or  finger  of  the  dial,  is  placed  opon  an 
aibor  or  collar  of  this  wheel  I,  and  moves  with  it. 

The  long  finger,  or  hand  of  the  dial-plate,  goes  upon  a 
(quare  on  the  end  of  the  fpindle  on  which  the  above  arbor 
moves;  which  fpindle  moves  forward  this  long  finger  one 
divifion  in  fihy  of  the  oater  circle  marked  on  the  dial-plate, 
every  time  the  rope,  or  any  thing  attached  to  it,  has  been 
down  to  the  bottom  of  the  mine,  and  returned  to  the  top. 

The  inner  circle  of  the  face  of  the  dial  is  marked  in  divi* 
fions  of  &fiy  each.  When  therefore  fifiy  draughts  up  and 
down  have  been  made  from  the  mine,  the  fliorter  hand  will 
be  found,  if  both  hands  were  originally  fet  corre^ly  at  the 
top,  to  have  moved  to  the  firft  interior  divifion  marked  50; 
and  fo  on,  in  proportion,  will  advance  as  more  draughts  arc 
made. 

K,  Is  a  board  placed  under  the  wheels  B  D,  in  Fig.  ] ,  and 
which  feparates  them  from  the  other  wheeI>work  in  Fig.  Ci, 
where  only  a  few  teeth  of  the  wheel  B  appear  behind  it. 

LL,  Show  the  temporary  handles  in  both  figures;  and 
the  pofition  of  thofe  letters  denote  that  the  gudgeon  of  the 
windlafs,  when  the  machine  is  in  adual  ufe,  ihonld  be  there 
joined  to,  or  make  a  part  of  the  roller  A. 

Fig.  3,  Shows,  on  an  enlarged  fcale,  the  form  of  the  catch 
C  The  (leel  fpring  M  preffing  againil  the  pin  Nf  returns 
the  catch  to  the  tooth  of  the  wheel  D,  when  it  has  been  forced 
back ;  and  a  pin  fixed  undernealli  the  catch  moves  in  a  groove 
O,  made  in  the  wheel  B,  to  prevent  the  catch  being  prefled 
loo  fiir  back,  or  thrown  out  improperly  by  the  fpring. 

A  door  is  fixed  on  each  fide  the  box,  and  (hould  be  locked, 
to  prevent  the  hands  being  altered  unknowingly. 

The  drawing  of  a  machine  for  firoilar  purpofes,  intended 
to  be  ufed  with  a  gin  or  horfe-wheel,  alluded  to  in  Mr.  Antis's 
letter,  is  in  the  Society's  pofleilion,  if  a  reference  thereto  be 
thought  neceilary. 

On 


•  N    CALVANISH* 


^JsaikitJ. 


On  Galpanifii.     In  a  Later frota  Ra.  Thickhesse,  EJi}^ 

To  Mr.  NICHOLSON. 

Wigan,  SepL  20,   180+. 

\.LTHOUGH  the  produdion  of  Ihe  elefiric  fluid  by  ihe 
galvanic  pile  has  never  yet  been  fati^tkctorily  tccounled  for, 
it  appears  to  me  TotnewlisI  eafy  lo  be  exptained,  from  a  con, 
(ideration  u(  llie  principles  of  chcmiftry.  This,  I  am  aware, 
IS  a  very  bold  opinion  Irom  a  man  who  is  a  mere  dabbler  in 
philorophy  ■  but  as  it  mutt  be  allowed  thai  Ihu  ableft  philofo- 
phical  inquirers  and  experimenlalii^s  have  been  guilly  of  ex- 
traordinary overfiglits,  I  truft  ray  prcfumplion  is  exculable. 
When  an  ardent  mind  has  once  entered  a  wrong  path  in  pur- 
fuil  of  knowledge)  it  is  loo  intent  upon  liie  objefls  before  it 
to  turn  a(ide,  and  too  anxious  to  proceed  lo  bo  induced  to 
look  back.  Tiiu»  chetniftt  fifly  years  ago  thought  they  ob« 
tained  earth  from  water,  bccaufe  they  otnitied  to  weigh  !h« 
vtiTels  in  which  they  made  their  experiracut* ;  and  thus,  per- 
haps, the  profclTors  of  galvanifm  at  the  prcfeiit  day,  being  of 
opinion,  as  I  believe  they  all  are,  Ihat  the  eleflnc  Hold  pro- 
ceeds frorn  Ihe  melals,  devote  little  ot  their  attention  to  the 
fluid  employed  in  the  pile,  coi:lidering  it  almoD  as  h  mere 
conductor.  Nothing  can  be  more  obvious  tu  a  chemil)  bovI 
than  the  necedily  of  weighing  the  matter  he  fubjeSs  lo  expe- 
riment, and  alfo  the  produfl;  yet  the  difcovery  abne  of  this 
neceOily  overturned  the  opinions,  and  laHilied  the  wifdom, 
of  all  llic  previous  cultivators  of  the  fcience,  and  led  lo  the 
modern  theory  of  cheiniflryandits  improvements;  an  omrffion 
how  trifling  in  itfelf  to  keep  men  (philofophers  too]  poking 
in  Ihe  dark  for  ages ! 

Water,  we  are  told,  is  compofed  of  certain  parts  of  oxigen 
and  hidrogen;  but,  as  to  form  tliefe  bodies,  tVom  a  Hate  of 
fn,  gai  at  lead,  into  water,  it  is  necelTary  to  pafs  an  ele£lric 
1  rpark  through,  or  rather  it/o  (hem  (no  mailer  whether  the 
procefs  of  formation  be  combudion  or  nol),  and  as  water  owes 
its  Antdity  lo  heat,  ihe  matter  of  heat  and  Ihe  eleftric  fiuid 
being  probably  the  fame,  or  moditication*  tA'  Ihe  fame  body, 
I  think  it  reafonable  lo  alTunie  that  water  is  compofcd  of 
cxigen,  hydrogen,  and  the  cUclrk  Jiidd. 

Tlie 


The  experiments  by  which  M.  Volta  and  others  htve  en-  DeoompofitSoa 
deevonred  to  (hew  that  piles  coropofed  of  metals  only  afford  ®^|^^ j?,j& 
the  galvanic  fluid,  are  fo  little  demonftrative  of  it*  that  they  ^otioti^   ^^ 


fecm  to  me  equally  illufirative  of  the  contrary ;  apd  I  believe®^  *^^w!!2li 
that  all  galvanic  piles  mud,  with  the  intervention  of  fluidsi  be  Jffin\^v^'^^ 
compofed  of  two  metals,  or  other  JUbJlances,  which  have  an 
affinity,  the  one  for  o^igen  and  the  other  for  hidrogen ;  fot    ' 
water  apd  other  fluids  made  ufe  of  in  galvanic  piles,  are  de? 
compofed ;  and  not,  I  conceive,  as  hath  generally  been  iroa- 
gined^  by  the  electricity  of  the  metals ;  but  by  the  adtion  of 
affinities.     Fpr  inftance,  in  a  pile  formed  with  zinc,  copper^ 
and  water,  the  oxigen  and  hidrogen '  of  the  water  having  a 
ilronger  affinity  for  the  zinc  and  copper  (the  oxigen  for  the 
zinc  and  the  hidrogen  for  the  copper)  than  for  each  other, 
finite  with  them,  the  water  being  confequently  dccomppfed, 
and  tlie  electric  or  galvanic  fluid,  which  was  contained  in  it^ 
confeqaently  fet  at  liberty. 

In  fupport  of  this  theory  I  may  a)ledge  at  b€tf,  that  (be  firfl  FnHer  txpkmf 
fliock  from  a  galvanic  pile  is  general  fy  the  ftrongeft,  whenjj^  " 
the  energy  of  the  affinities  is  the  greatefl ;  that  for  a  repeti- 
tion  fome  interval  of  time  is  requifite,  whilft  the  decompofi^ 
tion  is  taking  place ;  that  the  metals  in  the  pile  a6t,  not  ac- 
cording to  their  quantities,  but  according  to  their  furfeces— •- 
the  greater  thefe  are,  the  greater  being  the  quantity  of  water 
aOed  upoq ;  that  the  zinc  is  always  oxidated,  and  the  copper 
(or.filver)  always  aded  upon  by  tiie  hidrogen,  being  rendered 
more  brittle,  &c, ;  that  any  alteration  in  the  arrangement  of 
the  pile,  which  brings  two  pieces  of  the  fame  metal  to  the  fame 
firatam  of  water,  inllead  of  one  piece  of  each  metal  (one  to 
^  on  the  oxigen  and  the  other  on  the  hidrogen),  interrupts 
the  procefs,  and,  no  decompofition  taking  place,  there  is  no 
eledric  fluid  produced ;  and  it  may  alfo  be  added,  that  this 
laft  is  a  fa6l  which  cannot  otherwife  be  accounted  for. 

I  am  not  ignorant  that  a  flream  of  the  galvanic  fluid  from  Oljt&iont  that 
the  pile,  pafled  through  water,  decompofes  it ;  but  it  is  no  ?lf*^  j"^ 
proof,  I  prefume,  that  water  contains  none  of  this  fluid,  be- pofes  water, 
caufe  it  is  decompofed  by  a  greater  quantity  than  will  chemi- ^^^"^^'^^ 
cally  mix  with  it.     If  we  pour  a  fmall  quantity  of  water  im* 
pregnated  with  carbonic  acid  gas  into  lime-water,  the  lime  is 
pre^pitated,  or  compo/cdt  the  lime-water  becoming  tarbid; 

but 


I 
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ve  add  a  further  quanlilVi  ihe  lime  h  B^aiii  decom- 
ind  ihe  lime-water  becomes  again  peikiUy  cltar. 
1  am.  Sir, 

Your  mod  obedient  fervant, 

KA.  THICKNESSK. 


D^criptirm  oj  an  Infiramrnl  for  dra'^ving  in  trtie  Pcrfpeiiite 

from  Nalure,  and  of  anotlier  qf  conjldtrable  Sintplicily  and 
Chcapwfi  for  dclineatittg  Oiaii.     In  a  letter  from  a  CoiTf- 


Jponiieiil,  J 
SIR, 


To  Mr.  NICHOLSON. 


(<^ 


Introduflion.  x\S  I  obferre  that  you  are  willing,  in  your  capctly  of  Jour- 
tialin,  to  lay  before  the  public  any  fketch  or  outline  of  invt-n- 
liou  (hat  may  promife  to  be  ufeful,  wliether  iu  its  uliimaie 
flale  of  improvement  or  not,  1  am  encouraged  now  and  ihen 
Id  fend  my  ihiiughls,  queries,  obf«vatic)ns,  or  new.  as  ibey 
may  occur.  The  following  inflrumeiita  are  Oifen-d  to  your 
nolicet  in  hopes  they  may  appear  in  your  excellent  coU 
lefiion. 
lalbummt  (br  Fig.  1,  Piale  VIU.  h  a  ftelch  of  an  iiiHrument  for  pev- 
*WBgmp=.  f|jefli^.t,_  ^adc  fome  years  ago -by -eolhmd,  and  of  which  i 
know  nol  the  inventor.  A  leleftupe  or  camera  is  fufpended 
ertically  on  a  frame  by  an  univerlal  joint  or  jiiiibalt.  Hori- 
zonlal  rays  A,  arc  diicfted  down  the  tube  by  a  ptanc  mirror 
ain  rcndeied  horizoii'al,  and  lufntd  to  ihc  eye 
llirough  a  liile  hole  in  the  tube,  by  amilhcr  mirror  C.  At  ihe 
lower  end  is  a  pencil  E  Aiding  in  a  tvell.liliod  rocket,  and 
prelfed  |;eDtly  duwnwardf  by  a  wci);hl  or  fpring  ;  or  fiill  better, 
by  Ihe  hand  only.  The  refull  or  ufe  is.  that  while  the  images 
are  in  fucc^ITioti  brought  Jiiin  apparent  contact  with  a  point 
ill  the  field  of  view,  the  pencil  may  be  employed  in  tracing 
liieni  in  true  pcrfpeflive  upon  the  table  beneath  ", 

•  Thtrc  h  an  omilTion  of  the  grey  or  rough  glafs,  if  the  drawing 
be  meant  for  a  camera ;  or  of  the  eye-plece,  if  it  be  a  tckfcop*. 
:The  fii-n  fucai  canverffcncc  muH  be  made  \n  tbefe,  rod  nst  at  the 
eye.— N. 

5  fig- 
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ig,  2  reprefeDlt  a  fimple  rule  and  firing  for  drawinf  ovak  lafavaut  ht 
•n  paper.  A  C  B  is  a  fiiken  thready  fixed  at  A,  and  capable  ^''*^*^**^ 
of  being  lenglhened,  (hortened,  and  fixed  by  a  fcrew  B  at  the 
other  end.  This  (crew  B  can  be  placed,  by  a  longitudinal 
groove  in  the  ruler,  at  any  didance  from  A,  and  can  be  made 
to  pinch  the  thread  upon  any  one  of  the  divifions  of  the  rule. 
At  C  is  a  pencil  to  be  moved  in  the  bend  of  the  thread.  It 
inuft  be  held  oprigbt,  and  it  would  be  eafy  to  contrive  meant 
of  keeping  it  fo ;  but  it  does  not  feem  an  obje^  of  fufiicient 
necellity  to  add  toibe  price  of  the  indrument. 

In  the  life,  fet  A  at  one  focot  of  the  intended  oval  and  B 
at  the  other.  Allow  the  firing  to  extend  till  the  pencil  marks 
tlie  extremity  of  the  conjugate  diameter,  Draiw  the  femi-oval 
by  moving  the  pencil  along  in  the  fi retched  thread:  Then 
reverfe  the  points  A  and  B,  placing  them  refpedlively  on  the 
foci  occupied  before  by  each  other.  Draw  the  other  femi* 
oval,  which  completes  the  figure. 

I  am.  Sir, 

Your  obliged  correfpondent, 

R.  B. 


XIV. 

On  the  Computation  of  Tables  qf  Squares  and  Cuba*     In  a  Letter 

from  H.  G. 

To  Mr.  NICHOLSON. 
SIR,  Sept.  9,  1804. 

/a.S  I  can  employ  my  time  in  a  more  ufeful,  pleafant,  and Intro4ii6l!ia» 
advantageous  way  than  by  making  tables  of  any  kind,  I  liave 
no  defire  on  my  own  account  to  trouble  your  readers  with  the 
following  remarks,  and  (hall  therefore  leave  it  entirely  to  your 
choice  to  notice  them  or  not  in  your  Journal. 

I  am.  Sir, 

Your  humble  fcrvant, 

H.  G. 

YOUR  correfpondent  £.  O.  in  his  note,  p.  79  of  your  On  the  compo- 
Journal  for  this  month,  has  very  properly  pointed  out  an  error  ^^5"  ^  ^^JJj 

>n  cubes* 
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pn-  m  Ibe  ru!o  laid  down  by  mo  in  p.  1 50  of  your  Journal  fof  Jtily 
^'    lall,  which  will  be  correfted  by  fubftiluling  the  word  given 
for  the  word  neii. 

But  he  doe*  not  feem  (o  be  aware  thai  Ihe  rule  I  propofcd 
for  finding  the  fquares  of  roots  in  an  ariihmelical  pro^reflion 
pf  thofe  roots,  h  precifely  the  fame  as  ihat  he  has  ufed  and 
elucidated  in  pages  5  and  6  of  yuur  Journal  for  (hi^  month. 

Neither  has  he  made  me  a  convcn  to  his  doflrine,  Ihat  ad- 
dition ftiould  be  ufed  in  preference  (o  fublraftion ;  for  llie  one 
appears  lo  me  as  eafy  an  operation  af;  the  other,  for  all  ihc 
purpofes  la  which  it  is  applied  in  the  conflrufiion  of  the  tabic] 
in  quellion. 

Wilh  refpea  lo  Iho  conftruaion  of  Ihe  table  of  cubes.  I 
frill  barely  (late  my  method  of  computing  ihe  cubes  of  the 
fame  roots  E.  O.  hai  calculated,  in  pagc^^  8  and  9  of  your 
Journal  for  this  month,  and  will  leave  ii  to  ihofe  who  may  be 
inclinable  lo  enter  on  the  invedigBlion,  lo  determine  which 
method  wdl  be  mofl  advanlageoufly  pra£lifed,  his  or  mine, 
only  ohferving,  Ihat  E.  O.  has  a  continual  repetilion  of  the 
firii  ditferences,  which  I  have  entirely  avoided  without  adding 
kny  figures,  in  other  refpeSs,  lo  ihofc  he  has  ufed. 

I  ftill  lliink  my  melhod  of  computing  ihe  (able  of  cubes  is 
not  more  liable  lo  inaccuracy  than  ihat  E.  D.  has  adopted  ;  but 
(n  order  lo  avoid  almofl  ihe  polhbilily  of  error  in  my  compula- 
tion, and  at  the  fame  lime  to  add  to,  examine,  and  correfl 
Mr.  Councer'a  table,  I  would  place  Ihe  cubes  of  half  Ihe  given 
roots  X  8,  at  fiich  diliances  under  each  oiher,  as  would  en- 
able me  to  inlerpolale  my  calciilalioits  of  ihe  cubes  of  twice 
Ihofe  roois,  ai  it  is  done  in  the  left  hand  part  of  the  following 
elucidation  ;  and  ihen  it  is  evident,  every  other  cube  obtained 
by  ihe  calculation  mufl  be  the  fame  as  that  obtained  from  ihe 
table;  and  thus  «  proof  of  the  accuracy  of  Mr.  Counccr'* 
(tblC)  snd  of  the  conlinuation  of  it,  would  go  hand  in  hand. 
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■>rf,-om   Mr.Wii.LW 
Mr.  Gvugli. 


SIR. 

Nothing  ^ 

municaled  to  yc 
of  Mixed  Gafe.*, 

lube 


■hrjlrr.  September  13,  ISOt. 


5  farlher 


from  my  iiileni!on>  when  I  com- 

lluflralioni  of  Mr.  Dal  I  on 'a  Theory 

etiler  into  conlroverfy  rcfpefling  a 

tlie  defence  of  which  I  may  naturally  be  fuppofed 

efs  compelent  than  ils  author.     Yet  il  is  certainly 


» 


uired  of  me,  both  by  the  refpeflfu!  alienlion  due  to  your 
corref[>t>n(1enl  Mr.  Gough,    and  lo  oLliers  of  your  readen, 
either  to  explain  and  fupporl,  or  lo  relinquidi,  if  erroneous, 
the  opinions  refpefliiig  which  I  have  publicly  expreOed  a  coin' 
cidencQwith  Mr.  Dalion.     The  lafl  allernaiive  I  do  not.  at 
prefent,  fee!  difpolbd  to  adopt,  becaufe  I  am  far  from  being 
convinted  by  Mr.G.'s  reafoning;  sml  in  the  explanation,  which 
I  am  abuui  lo  ofit^r,  I  Ihall  conline  oi)  Mi  to  Ihofe  proofs  of 
the   new  theory  of  mixed  gafes,  which  are  furnillied   by  my 
own  experiments;  leaving  lo  Mr.  Dalloo  ihe  more  important 
ofGc'c  of  edabli filing  ils  fundamental  cvidencei, 
niiiy  of     II  IS  by  no  means  clear  lo  me,  whether  or  not  Mr.  Goagli 
'^       denies  Ihe  principle,  "  ihat  the  reblinn  between  gafes  and 
tbs  iail  water  is  altogether  a  mechanical  one.''*     To  me  this  appears 
0  be      as  legitimate  an  inlcrence.  ns  can  pufljbly  be  deduced  in  phy- 
'  fits;,  for  the  quaolily  of  every  gas,  abforbed  by  water,  foUotvs 

'exaflly  the  raiio  of  the  prelTure:  And,  (ince  it  isa  riilein  phi- 
lofophizing,  thatcfieflsof  Ihofaitie  kind,  Ihough  differing  in 
degree,  are  produced  by  the  fame  caufe,  it  ix  perfeflly  fafe  to 
conclude,  lhat  every,  even  the  minuleft  portion  of  any  gas, 
in  a  flale  of  ahforpfion  by  water,  is  retained  entirely  by  tnctim- 
bent  preHhre.  Thereis  no  occafion,  llierefore,  lo  call  in  ihe 
aid  of  the  law  of  chemical  affinity,  when  a  mechanical  law 
fully  and  fatiifaclorily  explains  the  appearance".  And  when 
the  effcd  ceafcs,  It  is  equally  conformable  to  j  ult  reafoning  f o 
infer,  that  ihis  happens,  in  every  cafe,  folely  in  confetjuence 

acid  gales,  the  ir.utiatic  for  inftancc,  are  obvioufly  ex- 


fif  the  relaxation  or  removal  of  thai  mechanical  power,  wlirifch 
lield  the  gas  in  its  iituation.     Under  all  circumllances,  there* 
lore,  when  a  gas  efcapes  from  water,  whether  by  placing  the 
aqaeous  mixture  under  an  exhanfled  receiver,  or  in  an  atmof- 
phere  of  a  different  gas»  the  caufe  operating  its  eicape,  mufl 
be  one  and  identical,  viz.  the  diminution  of  mechanical  pref- 
fure.     Before  we  account  for  any  effed  by  comparifon  of  af- 
finities, the  affinities  themfelves  fhould  be  proved  to  exift. 
But  with  refpe6t  to  the  relation  of  gafes  to  water,  the  proof 
foils  in  every  inllance ;  for  how  can  that  effedl  be  fairly  afcribed 
to  chemical  affinity  which  i^  dedroyed,  as  is  the  connexion  of 
every  gas  with  water,  by  an  unmixed  mechanical  caufe;  and 
is  it  not  abfurd  to  compare  powers  which  have  no  exidence  in 
nature? 

Admitting  (hen  the  connexion  between  gafes  and  vi-ater  to  — Md  ibe  pitf- 
be  entirely  dependent  on  phyfical  preflure,  there  naturally  q^"  ^  ^^ 
arifesout  of  this  law  an  explanation  of  the  curious  fa6t,  which  diatablbrbtd. 
I  have  afcerlained,  that  each  gas,  when  abforbed  by  water,  is 
retained  in  its  place  by  an  atmofphcre  of  no  other  gas  but  of 
its  own  kind.  Under  any  other  atmofphere,  the  abforbed  gas 
efcapes,  even  without  agitation,  though  this  certainly  acce- 
lerates the  event.  Now  the  fubaqueous  gas  can  only  accom- 
plilh  its  change  of  place  by  virtue  of  feme  a6live  principle  or 
power  inherent  in  it,  and  caufing  its  movement;  and  this 
power  is  its  elafticity,  which  is  not  countera6ied  by  that  of  an 
incumbent  gas  of  a  different  fort.  The  fad  affords,  therefore, 
fomelhing  further  than  "  probability/'  that  the  particles  of 
gafes  prefs  only  on  thofc  of  their  own  kind;  for  to  fay  that  the 
elafiicity  of  the  fubaqueous  gas  is  not  counteradted  by  any  in- 
cumbent one  of  a  different  fort,  is  to  afTert  in  other  tei'ms,  that 
the  one  is  not  pTef[*id  by  the  other, — the  principle  which  I  am 
folicitbus  to  eflablid). 

The  above  remarks  are  the  only  ones  which  I  deem  it  within  J^^  theory  is  aa 
my  province  to  urge  in  reply  to  Mr.  Gough.     Before  doling  f^^, .  capable 
this  letter,  however,  I  muft  exculpate  myfelf  from  the  charge  of  mathemtticiil 
of  attempting  to  uphold  a  mechanical  theory,  by  pr'>t)abilities  ^^^^j^^J'    "Jj, 
drawn  from  chemical  fads.     This  llalcment  is  notcorred;  the fcrvation. 
fa6ls  which  I  have  alledged  are  purely  flatical,  and  my  objed 
bas  been  to  prove  that  they  were  before  erroneoufly  included 
under  the  laws  of  chemical  affinity,  with  which,  in  reality 
they  have  no  connedion.     Thefe  mechanical  phenomena,  I 

have 
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haw  brAught  in  fuppoit  of  (he  genertl  principle  "  that  thS 

^^  particles  of  gafes  prefs  only  on  thofe  of  their  own  kind ;"  and 

^^L  in  foapplying  ihem,  1  trull  I  have  conformed  to  the  rigorona 

^^H  laws  of  phiiofophical  induction.     Such  (general  principlea  are 

^^H  not  uncommon  innatural  fcience;  and  though,  like  the  law  of 

^^B  gtavilatian  and  fome  other  lefs  com  pre  hen  five  ones,  they  tnajr 

^^H  }x  mathematically  purfued  and  invelligated,  yei  ihey  are  not 

^^K  derived  Irum  mathematical  reafoning,  but  from  a  method  of 

^^^k  enquiry  which  Newton  himfelf  did  not  difdain  to  emptoyi — ■ 

^^^V  that  of  mduflion  on  the  bafit  of  experiment  and  obfervation. 

^^B  Tlie  fpcculallons  of  Mr.  D^Iton,   being  founded  on  wel)  afcer- 

^^V  tnined  f*£li,  appear  therefore  lo  me  lo  be  fairly  entitled  to  the 

^^H  appellation  of  tlienry,  and  not  io  be  included  wiiliin  the  defi- 

^^B  nitton  of  liypolhcjif,'   handed  down  to  us  from  the  father  of  ex> 

^^Kp.  {isriroenial  philofophy.     I  remain,  very  truly.  Sir, 

^K  Your'i,  &c. 

^K'  WILLIAM  HENRY. 

r 
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Jjr/eription  of  a  very  Jlwptc  .and  cheap  Coatritanee  for  making 
Furt  Folioi  qf  lar^e  ,DiBxnJiom.     By  the  iate  Jamks  Mal- 

TON.  Efq.f 

SIR, 


Mntwd  of  con-  -i^S  I  well  know  the  great  inconvenience  experienced  by 

aniairEl«se    arlifis  and  colleftors  of  prints  and  drawings,  from   the  want 

r-i.Wio'.         ^f.  potifollos  of  dimenfion,^  capable  of  incloGng  large  fubjefl?, 

and  as  I  alfu  well  know  that  the  moani  ufed  by  the  Society  foe 

the  Encouragement  of  Arts,  Sic,  to  proraulgale  knowledge 

and  nfeful  information  are  earnufl  as  they  are  extenlive,  I  am 

induced  lo  lay  before  that  body  a  porf-folioof  my  conftruflion, 

which  I  perfuade  niylelf  poirelTcs  every  advantage  that  can  be 

wilhed. 

^  The  difficulty,  or  rather  the  impoflibility  of  obtaining  cafe;  or 

Lport-folios,  35  large  as  are  fomeiimes  requiGle,  has  given  rife 
to  many  expenfive  contrivances,  to  the  fame  end ;  or  large 


*  <■  Quicquid  ex  phaenomcnis  non  dcducilur,  hyfalbefis  Tocanda 
nc.  LIII.  in  BruckcriHift.  Crit.  Phil.  Tom.  IV.  p.  fiiS. 
+  SociEly  of  Arts,  1803. 

prints. 
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prinit,  &CW  muft  be  kept  in  rolls,  to  Iheiir  altnoft  d^tdin  de-  Medial..  «^^««* 

fimdion,  by  frequency  of  rolling ;  or  at  leaft  they  are  thus  ^nt-fSSau^  ■ 

expofed  to  the  danger  of  being  cruOied  by  accident.     Milled 

pafieboards,  of  which  port-folios  are  made^  are  not  manufac- 

tored  above  a  certain  moderate  fize:  to  exceed  that  fize  in  a 

porti-folio,  is  an  undertaking  of  no  inconfiderable  trouble,  in 

pafting,  glueing,  and  preffing  them  together.     On  inquiring 

of  Mr»  Newman,  of  Soho*fquare,  (a  manufadurer  of  thefe 

articles)  how  he  managed  to  make  port-folios  above  the  ordi« 

nary  dimenfions,  he  informed  me,  it  was  an  undertaking  of 

trouble,  and  related  his  having  made  one  for  a  gentleman,  by 

attaching  fixteen  of  the  largefl  milled  boards  together;  that 

the  materials  alone  cofl  five  guineas;  and  that  its  weight  wat 

greater  than  one  man  could  lift. 

My  method  of  conflrudidn  obviates  all  difad vantages — 
weight,  expence,  and  trouble;  and  port  folios  of  any  dimen* 
fions  may  very  readily  be  manufaftured  by  the  fimple  appli« 
cation  of  two  ftraining-frames,  covered  on  both  fides  wilh 
canvas,  and  papered ;  and  conneded,  as  all  port-folios  are,  by 
leather  at  the  back,  or  with  wooden  backs,  the  fides  being 
connedted  by  hinges.  Thus  a  port-folio  may  be  made  capable 
of  holding  the  largeft  cartoons,  maps,  and  prints ;  and  poffelTi 
ing  another  great  advantage,  befides  that  of  not  bellying  or 
f wagging,  when  laid  againfl  a  wall,  as  thofe  condruded  of 
pafleboard  do,  to  their  own  dedrudlion,  and  material  injury 
of  the  things  they  contain. 

A  frame  of  four  feet  by  three  will  be  flrong  enough,  if  made 
of  deal.  The  ftiics  are  four  inches  wide  by  half  an  inch 
thick;  and  they  have  a  middle  upright  flile  of  the  fame  width, 
wilh  angle  pieces  at  the  corners,  as  is  (liown  in  the  engraviiig. 
Fig,  1.  A  frame  of  much  greater  dimenfions  may  require 
two  middle  upright  fliles;  and,  if  very  large,  a  middle  longi- 
tudinal flile,  as  is  Ihown  in  the  engraving,  Fig,  2, 

If  the  frames  are  made  of  mahogany,  they  need  not  ex-> 
ceed  3-16ths  of  an  inch  in  thicknefs;  but,  of  whatever  wood 
they  are  made,  it  muft  be  well  fcafoned,  or  they  will  warp, 
A  padlock  may  be  applied  to  fuch  cafes«  for  the  protedtion  of 
their  contents. 

On  this  conflrn6tion  I  have  made  two  port-folios,  one  of 
which  I  have  had  in  ufe  thefe  ten  years.  A  handfome  one^ 
•f  tolerably  large  dimenfions,  I  have  fent  with  tins  paper,  for 
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Wcthed  rf  Mb.  (he  infpeftion  ot  the  Socieiy,  Thn  outer  fliles  of  il  are  of 
wt^Blre)'*'*"  mthoganv,  wliich,  beaclod,  forms  the  oot  e.ige  in  a  nest  man- 
ner, lis  (impleformatinn,  iti  ligiilnef'^,  and  il*  firm  fiatneri, 
mull  be  obvious  to  evety  one;  and  I  am  of  opinion  (he  Society 
will  obtain  the  thanks  nt'  all  c«Ut;£lori  and  artilii  [ir  they  lliink 
it  worthy  or  inft;rLion  In  the  Volume  of  their  Tiaiifaaions)  bj 
makinf;  ihUfiinple  matter  publicly  known.  F:ir  my  own  pari, 
I  fliall  be  highly  j^ralified  in  having  conuibjicJ  lo  the  comfort 
•F  arlifls  and  collef)ar<;,  in  preferving  their  valuable  refeatchei. 
I  am.  Sir, 

Your  obedient  Servant, 

JAMES  MALTON. 
Horton-jtrett,  June  25,  1802. 

RtftreiKc  to  ike  Engraving,  Plate  VIII, 
Fig.  4^.  One  or  the  fides  of  the  frame  for  a  port-folio,  the 
Jimeofion!!  fnur  feet  by  three:  it  may  be  made  of  deal  or  fir 
wood.  The  ftiles,  four  inches  wide  by  half  an  inch  thick; 
the  middle  upright  Hile  to  be  of  the  Tame  wiiUh.  It  (hould 
bave  angle  pieces  wilhin  the  corners,  lo  keep  lliem  firm. 

Fig.  3.  Showi  a  fide  of  another  Cnime,  where  much  larger 
dimenfion.:  are  required ;  it  fliuuld  then  have  Iwo  Upright  ftiles, 
•ad  a  middle  longiindind  flile,  all  within  the  Craine,  and  angle 
pieces  at  the  corners,  II  il  Is  made  of  maliogany,  inflead  of 
deal,  the  fliles  may  be  rL-duced  nearly  one-fourth  in  breadth  and 
Ihicknefsi  the  wood,  in  ciilicr  cafe,  iliould  be  well  feafoned, 
thai  it  may  not  be  liable  to  warp. 


Etpttimenti  ami  Calcalaiiont  relative  to  Phyfu-al  Optics,    By 
T HOM.s  YooNo.  M.  D.  /■".  fi.  S.     Fnm  (Ae  Philojiiphkat 

Traifjh&ioiu  Jot  IS04. 

(Concludtd  from  p.  64.) 

-         Erper.  2.    A  HE  crefled  fringes  deftribcd  by  the  ingenious 

Lktwife  ihe       and  acctirale  Grimaldi,  aii'ord  an  elegant  variation  of  the 

S''r'-(^i"     preceding  esperimeni,  and  an  interefling  example  of  a  calcu- 

jaiion  gfounded  on  il.     When  a  n)adow  ii!  lurmed  by  an  ob- 

jeCl  which  bai  a  reflangular  tercninaliuii)  bcGdes  the  ufual  ex- 

]  , .  lernal 
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fttnipif »  Ultra  are  Uro  or  tbree  allernAtioDi ''of  coloun, 
from  the  lioe  which  bife^s  the  angle,  difpofed  on 
fide  of  it,  10  carves,  which  are  convex  towards  the  bi« 
Iioe»  and  which  converge  in  fome  degree  towards  it,  as 
beoome  more  remote  from  the  angular  point.     Thefe 
•re  alfo  the  joint  effed  of  the  light  which  is  infleded 
iy  towards  the  (hadow,  from  each  of  the  two  outlines  of 
(»b|ed.     For,  if  a  fcreen  be  placed  within  a  few  inches  of 
pbjeQ,  fo  as  to  receive  ooly  one  of  the  edges  of  the  (hadow» 
whole  of  the  fringes  difappear.    If,  on  the  contrary,  the 
liar  point  of  the  fcreen  be  oppofed  to  the  point  of  the 
»w,  fo  as  barely  to  receive  the  angle  of  the  (hadow  on 
extremityt  the  fringes  will  remain  undidurbed. 

Aii*  COMPARISON  OF  MEASURES,  DEDUCED  FROM  VARIOUS 
m  '  EXPERIMENTS* 

If  we  DOW  proceed  to  examine  the  dimeniions  of  the  fringes,  GooBparifea  o^ 
different  circumfiances,  we  may  calculate  the  differences  °**r*"*** 
if  the  lengths  of  the  paths  defcribed  by  the  portions  of  light, 
%liich  have  thus  been  proved  to  be  concerned  in  producing 
tb(e  fringes }  and  we  (liall  find,  that  where  the  lengths  are 
^^pialy  the  light  always  remains  white ;  but  that,  where  either 
the  brighteft  light,  or  the  light  of  any  given  colour,  difappears 
•ttd  reappears,  »  firil,  a  fecond,  or  a  third  time,  the  differences 
•f  the  lengths  of  the  paths  of  the  two  portions  are  in  arithme» 
tical  progreffion,  as  nearly  as  we  can  exped  experiments  of  this 
kind  to  agree  with  each  other.    I  (liall  compare,  in  this  point  of 
,  tbe  meafures  deduced  from  feveral  experiments  of  New« 
and  from  fome  of  my  own. 
In  tbe  eighth  and  ninth  obfervations  of  (he  third  book  of 
Mewton's  Optics,  fome  experiments  are  related,  which,  toge* 
tttr  with  the  third  obfervation^  will  furnifh  us  with  the  data 
Moeffary  for  the  calculation.     Two  knives  were  placed,  with 
their  edges  meeting  at  a  very  acute  angle,  in  a  beam  of  the  fun's 
Sglit,  admitted  through  a  fmall  aperture ;  and  the  point  of  con- 
tonrfe  of  the  two  firll  dark  lines  bordering  the  (bade ws  of  the 
l^l^e^ve  knives,  wasobferved  at  various  di (lances.   Therefults 
if  ix  obfervations  are  exprefled  in  the  fird  three  lines  of  the 
filft  Table.     On  the  fuppofition  that  the  dark  line  is  produced 
Vjf^firfr  interference  of  the  light  refieded  from  tbe  edges  of 
i  l^knives,  with  thelight  paffing  in  a  ftraight  line  between  them, 
!  K2  we 
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in  of  we  may  ailign,  by  calculating  ihe  difference  of  llie  two  palli-!, 
the  interval  for  tlie  firll  di fa ppea ranee  of  the  brightell  light,  ai 
it  is  exprelfed  in  llic  fourth  line.  The  fecond  Table  contains  the 
refulls  of  a  fimilar  calculation,  from  Newton's  obfervalions  on 
the  [hadow  of  a  hair  j  and  the  third,  from  fame  experimeiitl 
of  my  own,  of  the  fame  nature;  Ihi;  fecond  bright  line  being 
fuppofed  to  correfpond  lo  a  double  inlerval,  the  fecond  dark 
line  to  a  triple  interval,  and  the  fucccedirg  lines  to  depend  on 
a  continuation  of  the  progreflion;  The  unit  of  all  ihe  Tabin 
is  an  inch. 


Table   I.     Obf.  9.     N. 


DiHance  oflhekniit 
Di fiancee  of  Ihe  pa- 

perfromthekni 

Di  Dances    between 

Ihe  edges  of  the 

knives,    op  polite 


Inter  vil  of  difippearanw 


DISS,  . 


101. : 

131. 


.057,       .081,        037. 

,  lOOOOlC?)  >OOOOl66,  ■•oocifid 
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Table  II.     Obf.  3.     N. 

Breadth  of  the  hair            .            .            _  .             .  tJ-b- 

Diftance  of  the  hair  from  Ihe  aperture              -            -            •  1 4  k 

Dilianccs  of  (he  fcale  from  the  aperture     -  -        130,  2J2. 

( Breadths  of  the  (liadow           -             -             -               .^,  f . ) 

Breadth  between  the  fecond  pair  of  bright  lines               ^,  ^V 
Interval  of  difappcaiance,  or  half  the  difference 

of  the  paths       ...            -               .OOOOIil,  .0000173. 

Breadth  between  the  third  pair  of  bright  lines                   i^^  ■^. 

Interval  of  i£  lap  pea  ranee,  J  of  the  difference            J3O0Oi30,  .00001 4t. 

Table  III.     Exper.  3. 
Breadth  of  (he  objeA  .....  .434: 

Diflance  of  the  objeft  from  the  aperture  ...       123- 

of  the  wall  from  tlie  aperture  ...  250. 

Diftaiice  of  the  fecond  pair  of  dark  line';  from  each  other  I.I6T- 

Imervalof dilappearance, -jOfthediCefeiKe        •  •  .0000I4?. 

Exptr. 
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E^l.,r.  4. 

Breadth  of  (he  wire            .           ,           .           -  .           .0S3. 

Oiflancc  of  ihe  wire  from  the  ^etlure                -            -  -32. 

Diflance  of  ihe  wall  from  ihe  aperture            -             •  -            250. 
(Breadth  of  the  (hadow  by  three 

meafuremeiitj         •        -            .815,     .S26,  or     .S2T ;  mean,     .823.) 
DiRance  of  the  iirft  pair  of  Hark 

linen  ....      1.165,  1.170,  oi  1.I60;  mean,  1.163. 

InlervaJ  of  difappcarancc             ....  . 0000194* 
Oiflanceofthe  fecond  pairof dark 

lines      ....          1.102,  1.395,  or  1,400;  mean,  1.399. 

Inlerva!  of  difappcarance              ...            -  .0000137. 
Difiance  of  the  third  pair  of  dark 

line*          .        -        .        .      1,594,  1.530,  or  1.565;  mean,  1.586. 

Interval  of  difappearance              ....  .0000128. 

It  appears,  from  five  of  (he  fix  obfervationi  of  the  firft  Table, 
in  which  the  dillaiice  of  (he  (hadow  was  varied  from  about  3 
iochci  lo  1 1  feet,  and  iFie  breadth  of  the  Iringes  wa^  incrcafcd 
in  the  ratio  of  7  to  1,  lliat  Ihe  difference  of  the  routes  confti. 
luting  the  interval  of  [ItfappearancCi  varied  hut  one-eleventh 
at(nol3;  and  Ihal,  in  three  out  of  the  five,  it  agreed  with  the 
mean,  either  exafll^,  or  w  ithin  ^Ja  part.  Hence  we  ore  war- 
pinledin  inferring,  ihattheiiitervalapprnpriate  toiheexlinAion 
of  the  brighten  light,  is  either  accurately  or  very  nearly 
crailiant. 

.  But  it  may  be  inferred,  from  a  comparifon  of  all  Ihe  other 
obrcrvations  that  when  the  obliquity  of  Ihe  refjeclion  is  very 
great,  fome  circuinliance  takes  place,  which  caufus  the  interval 
tbut  calculated  to  be  fomewhat  greater  :  thus,  in  the  eleventh 
line  of  (he  third  Table,  it  comes  ou  t  one-fixih  greater  than  the 
mean  of  the  tivc  already  mentioned.  On  the  other  hand,  the 
mean  of  two  of  Newton's  eKpcrimenls  and  one  of  mine,  is  a 
leliJl  about  one-fourth  lefs  than  the  former.  With  refpefl  to 
the  nature  of  thii  circumllance,  1  cannot  ai  prcfenl  form  a  de> 
cided  opinion;  but  Iconjeflure  that  it  is  a  deviation  of  fome  of 
ihe  light  concerned,  from  the  rcdilincar  dircfiion  alligned  lo  it, 
wifing  either  from  its  natural  diffrafliou,  by  which  Ihe  mag- 
nitude of  Ihe  (hadow  is  alfo  enlarged,  or  from  fome  other  un. 
iVn  caufe.  If  we  imagined  ilie  Oiadow  of  ihe  wire,  and  ihs 
5  fringes 


^ 


friiigM  nearefl  it,  lo  be  (o  conlroded  that  ibe  molion  of  the 
light  bounding  the  ihadow  might  be  re^ilineart  we  lliould  thot 
make  3  fuffiL'ienl  coin  pen  fa  lion  for  this  deviation  ;  but  it  is  dif^ 
licult  lo  point  out  what  precife  tr>£l  of  the  light  would  caufe 
il  lo  require  ihU  cmceQiaa. 

The  mean  of  the  three  experiments  which  appear  to  have 
been  leafi  atfeSed  by  this  unki^own  clevituion,  gives  .0000127 
for  Uie  interval  appropriate  lo  the  difappearancc  of  the  biighlell 
light ;  and  it  may  be  inferred,  ihal  if  Ihey  had  been  whully 
exempted  from  its  eSefls,  Ihe  meafure  would  have  been  fome- 
what  fmaller.  Now  the  analogoui  interval,  deduced  from  tha 
experimenta  of  Newton  on  thin  plates,  is  .00001 12,  which  ii 
about  one-eighth  Ief«  ihaii  tlie  former  refult ;  and  thii  appears 
to  be  a  coincidence  fuily  fuflicienl  lo  authorife  us  to  attribute 
Ihefe  two  claiTes  of  pbenaioena  (o  Ihe  fame  caufe.  Il  U  very 
eafilj'  thown,  with  refpeft  to  the  colours  of  thin  plaiesi  that 
each  kind  of  light  difappearsand  reappear;,  wliere  the  differ- 
ences of  the  routes  of  two  of  its  portions  are  in  arilhmetical 
progrellion  ;  and  wc  have  feen,  that  Ihe  fame  law  may  be  in 
general  inferred  from  the  phenomena  of  diflraded  light,  even 
independently  of  the  analogy. 

The  diftribution  of  Ihe  colouri  li  alfo  fo  firoilar  in  both  cafes, 
as  to  point  immediately  to  a  fimilarily  in  the  caufes.  In  ihe^ 
thirteenlh  obfcrvalion  of  the  fecond  part  of  ihe  fird  book, 
Newton  relaleE,  that  the  interval  of  ihe  glaOes  where  the  ring* 
appeared  in  red  light,  wailo  Ihe  interval  where  they  appeared 
in  violet  lighl,  as  1 4  to  9  i  and,  in  the  eleventh  obfervation  of 
the  third  bouk,  thatlhedifiances  between  the  fringes,  under  the 
famecircumflances  were  lhe02datid27lh  of  an  inch.  Hence, 
(Icduflrng  the  bread. h  of  ihe  hair,  and  taking  the  fquares,  in 
order  to  find  the  relation  of  the  difference  of  the  routes,  we  have 
the  proportion  of  H  to9j,  which  I'carceiy  differs  from  Ihe  pro- 
portion obferved  in  the  colours  of  the  thin  plate. 

We  may  readily  determine,  from  this  pencral  principle,  the 
form  of  the  crefled  frlngesof  Grimaldi,  already  defcribcd;  for 
it  will  appear  that,  nnder  the  circumnances  of  the  experiment 
related,  the  points  in  which  the  differences  of  the  lengths  of  Ihe 
paths  defcribed  by  the  two  portions  of  light  are  equal  to  a  con- 
flani  quantity,  and  in  which,  therefore,  the  fame  kinds  of  light 
oughi  to  appear  or  difappear,  are  always  found  in  equilateral 
Iiypeibobs,  of  which  the  asei  coincide  with  the  outlines  of^e 
■-'"''  ftiadow. 
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ftodowrt  and  tbt  afymptotes  nearly  with  (he  diagoiial  linaw 
Bach,  therefore,  maft  be  the  direBion  of  (he  fringes ;  and 
thit  coodufion  agrees  perfeAly'with  the  obfervation.  But  it 
iMift  be  remarked,  that  the  parts  near  the  outlines  of  the  iha« 
dow,  ere  fo  nouch  (haded  off,  as  to  render  the  charaAer  of  (ha 
ranre  fomewhat  lefs  decidedly  marked  where  it  approaches  to 
Its  axis.  Thefe  fringes  have  a  flight  refemblance  to  the  hy* 
perbolic  fringes  obferved  by  Newton  ;  but  (he  analogy  is  only 
diftant. 

tlU  APPLICATfOM  TO  THB  SV^KaMUMBaAaV  aAIMBOWt. 

The  repetitions  of  colours  fomettmes  obferved  within  the  AppficatSon  of 
common  rainbow,  and  defcribed  in  the  Philofophical  Tranfac- J*  ^^^^^^^ 
lions,  by  Dr.  Lang  with  and  Mr  Daval,  admit  alfo  a  very  eafy  of  fi^tt)  die 
and  complete  explanation  from  the  fame  principles.    Dr.  Pcm-  ^"P*J|J|)|°**?nr 
berton  has  attempted  to  point  out  an  analogy  between  ^h^feco-L^^-^^jil^  ^^ 
loors  and  thofe  of  thin  plates;  but  the  irregular  refle6lion Di?aL 
from  the  poderior  furface  of  the  drop,  to  which  alone  he  altri* 
botes  the  appearance,  mud  be  far  too  weak  to  produce  any 
tifible  effeds.  In  order  to  underhand  the  phenomenon,  we  have 
only  to  attend  to  the  two  portions  of  light  which  are  exhibited 
in  the  common  diagrams  explanatory  of  the  rainbow,  regularly 
refleOed  from  the  pofterior  furface  of  the  drop,  and  crofling 
each  other  in  various  direAions,  till,  at  the  angle  of  the  great- 
eft  devtttton,  they  coincide  with  each  other,  fo  as  to  produce, 
by  the  greater  tntenfity  of  this  redoubled  light,  the  common 
rainbow  of  41   degrees.     Other  parts  of  thefe  two  portions 
will  quit  the  drop  in  directions  parallel  to  each  other;  and  thefe 
wcVuld  exhibit  a  continued  diffufion  of  fainter  light,  for  25^ 
within  the  bright  termination  which  forms  the  rainbow,  but 
for  the  general  law  of  interference,  which,  as  in  other  fimtlar 
cafes,  divides  the  light  into  concentric  rings;  the  magnitude 
of  thefe  rings  depending  on  that  of  the  drop,  according  to  the 
difference  of  time  occupied  in  thepaflfage  of  the  two  portions, 
which  thus  proceed  in  parallel  directions  lo  the  fpeQator's  eye, 
after  having  been  differently  refraded  and  reflcfted  within  the 
drop.     This  difference  varies  at  6rfl,  nearly  as  the  fquare  of 
the  angular  diflance  from  the  primitive  rainbow:  and,  if  the 
€rf)  additional  red  be  at  the  diflance  of  2"^  from  the  red  of  the 
rainbow,  fo  as  (o  interfere  a  little  with  the  primitive  violet, 
%«  fourth  additional  red  will  be  at  a  diftance  of  nearly  q9 
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more ;  and  the  intermediate  colours  will  oocupy  a  (pace  nearly 
etfual  to  the  original  rainbow.  In  order  to  produce  iliis  elfef), 
nfnghttothe  ihe  drops  muft  be  about  ,'e  of  an  inch,  or  .013,  in  diameter  : 
it  would  be  fufficicnt  if  ihey  were  between  y^  and  ■^,  The 
realun  that  fuch  lupernumerary  colours  are  not  often  feen, 
mud  be,  that  it  doe«  not  often  happen  that  drops  fo  nearly 
equal  arc  found  together:  but,  liiat  thii^  may  fonietLmes 
happen^  is  not  in  itfelf  at  all  improbable :  we  meafiire  even 
medicines  by  dropping  them  from  a  phial,  and  it  may  eafily 
be  conceived  that  the  drops  formed  by  natural  operations  may 
fiimetimei  be  as  uniform  ai  any  that  can  be  produced  by  art. 
How  accurately  this  theory  coincides  with  the  obfervation, 
nay  bell  be  determined  from  Dr.  Langwilh's  own  words. 

"  Auguflihe  '2in,  1722,  about  half  an  hour  paA  live  in  the 
evening,  weather  teinperalCi  wind  at  north-ead,  the  appear- 
ranee  was  as  Tollows :  The  colours  of  the  primary  ralnboiv 
were  at  ufual,  only  the  purple  very  much  inclining  to  red, 
^nd  wclldetined:  under  this  was  an  arch  of  green,  the  upper 
part  of  wliich  inclined  lo  a  bright  yellow,  [lie  lower  to  a  more 
dullty  green:  under  this  were  alternalely  two  arches  of  reddifti 
purple,  and  two  of  green  :  under  all,  a  faijit  appearance  of 
another  arch  of  purple,  which  vaniflied  and  teiurned  feveral 
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but  that  what  I  call  The  purple,  is  a  mixtu 
each  of  the  upper  feries  wiih  the  red  of  the 
the  green  a  mi>;mre  of  the  inicrmediate  colours,  I  fend  you  not 
this  account  barely  upan  the  credit  of  my  own  eyes;  for  ihero 
was  a  clergyman  and  tour  other  gentlemen  In  company,  whom 
[  deCred  to  view  the  colours  aiieniively,  who  all  agreed, 
that  they  appeared  in  the  manner  that  I  have  now  defcribed. 
There  are  iwo' things  which  well  defervc  to  be  laken  notice  of, 
«s  tliey  may  perhaps  direcl  u^,  in  fomc  meafure,  lo  the  fololion 
pf  this  curious  phenomenon.  Tlic  firfi  is,  that  the  breadth  of 
■be  fird  feries  fo  far  exceeded  that  of  any  of  (he  reft,  that,  as 
near  as  I  could  judge,  it  was  equal  lo  Iheni  all  taken  logelher. 
fhf  ffcqud  i5(  th^t  I  {i^ve  never  pbferved  tbefe  inner  orde» 
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of  coloars  lo  the  lower  parti  of  the  rainbow,  though  they  ba¥« 
often  been  incomparably  more  vivid  than  the  upper  parts, 
under  which  the  colours  have  appeared*  I  have  taken  notice 
of  this  fo  very  often,  that  I  can  hardly  look  upon  it  to  be  ac* 
cidental ;  and,  if  it  (liould  prove  true  in  general,  it  will  bring 
the  difquifition  into  a  narrow  coropafs;  for  it  will  (how  that  this 
efTe^t  depends  upon  fome  property  which  the  drops  retiun, 
whild  they  are  in  the  upper  part  of  the  air,  but  lofe  as  they 
come  lower,  and  are  more  mixed  with  one  another*''  Phil. 
Tranf.  Vol.  XXXII.  p.  243. 

Froo)  a  confideration  of  the  nature  of  the  fecondary  rainbow, 
of  54^,  it  may  be  inferred,  that  if  any  fuch  fupemumerary 
colours,  were  fcen  attending  this  rainbow,  they  would  nccclfa* 
rily  be  external  to  it,  inflead  of  internal.  The  circles  fometimes 
feen  encompalling  the  obferver's  fliadovvin  a  mill,  are  perhaps 
more  nearly  relatt.*d  lo  the  common  colours  of  thin  plalct  as 
feen  by  reflection. 

IV.      ARGUMENTATIVE    INFKRENCE    RE'jPECTING    THE 

NATURK    or    LIGHT*  « 

The  experiment  of  Grimaldi,  on  the  crefted  fringes  within  Argumeatad*e 
the  (hadow,  together  with  feveral  others  of  his  obfervations,  *"  ^**°*'** 
equally  important,  has  been  left  unnoticed  by  Newton*  Thofe 
who  are  attached  to  the  Newtonian  theory  of  light,  or  to  th6 
hypo;hefes  of  modern  opticians,  founded  on  views  Hill  lefs  en* 
Jarged,  would  do  well  to  endeavour  to  imagine  any  thing  like 
an  explanation  of  ihefe  experiments,  derived  from  their  own 
do^rines;  and,  if  they  fail  in  the  attempt,  to  refrain  at  lead 
from  idle  declamation  againft  a  fyllem  which  is  founded  on  the 
accuracy  of  its  application  to  all  thefe  fa6ls,  and  to  a  thoufand 
others  of  a  fimiiar  nature. 

From  the  experiments  and  calculations  which  have  been  Hjmogeoeout 
premifed,  we  may  be  allowed  to  infer,  that  homogeneous ''ghthasoppofite 
light,  at  certain  equal  diltances  in  the  diredion  of  is  motion,  diftances along iu 
is  pofleflTed  of  oppodte  qualities,  capable  of  ncutralifmg  or  courfe,  by  which 
dedroying  each  other,  and  of  extinguilhing  the  light,  where  extlnftion  of 
tliey  happen  to  be  united  ;  that  thefe  qualities  fucceed  each  the  light  may  be 
oiher  alternately  in  fucceflive  concentric  fuperficies,  at  dif-  *"^^^' 
fauces  which  are  conllant  for  the  fame  light,  pafling  through 
the  fame  medium.     From  the  agreement  tX  the  meafures, 
and  from  the  fimilarity  of  the  phenomena,  we  may  conclude, 

that 


""^ 


Uial  ihefe  iotervali  are  the  fame  as  are  concerned  in  the 
pTodiiflion  of  the  colours  of  thin  plates ;  but  thefe  ate  Ihotvn, 
by  the  experimpiils  of  Newton,  to  be  the  fraaller.  thedenfer 
the  medium ;  and,  fince  it  may  be  ptefumed  that  their  num- 
ber muft  neceflarily  remain  unaltered  in  a  given  quantity  of 
Light  moTci  light,  iltbllows  of  courfe,  that  light  movi'S  more  (lowly  in  a 
^r^^dCi.  ^*^"'"'^'  '^^'^ '"  ^  "'"  "IS'''"'"  =  and  this  being  granted,  it 
muft  be  allowed,  that  relradion  is  not  the  efTea  of  an  attrac- 

*tive  force  directed  to  a  denfer  roediura.     The  advocates  fof 
the  projeflile  hypothefis  of  light,  muft  confider  which  link  in 
this  chain  of  reafoning  they  may  judge  to  be  the  moCl 
feeble ;  for,  hitherto,  I  have  advanced  in  this  Paper  no  ge> 
Light  tnd  fourd  neta!  hypothefii  whatever.     But,  fmcc  we  know  that  found 
*'™'i!'T"f""''l«  diverges  in  concentric  fupecficies,  and  that  muli(.'al  foundi 
^^^  '         confill  of  oppolite  qualities,   capable  of  neutralifing  each 

^^^L  other,  and  fucceeding  at  certain  equal  intervals,  which  are 

^^^B,  different  according  to  the  dtlfcrence  of  the  note,  we  ara 

^^^^  fully  authorifed  to  conclude,  that  there  muft  be  fome  ftrong 

II  refemblance  between  the  nature  of  found  and  that  of  light, 

<Titrei»pio-  i  have  not,  in  the  courfe  of  thefe   inveftigalions,  fount) 

I^'LS""'''^"  *")■  reafo"  1°  fuppofe  the  prefence  of  fach  an  inflefling  me- 
S  ""■  dium  in  the  neighbourhood  of  denfe  fubftances  as  I  was  for- 
^k  mcrly  inclined  to  attribute  to  them  ;  and,   upon  conlidcriiig 

I  the  phenomena  of  the  aberration  ol  the  ftars,  1  am  difpof.-d 

V  to  believe,   that   ihi;    luminiferous  ether  pervades  the  fub- 

B  fiance  of  all  material  bodies  with  little  t>r  no  reliftance,  as 

H  freely  perhaps  as  ihi;  wind  palTes  through  a  grove  of  trees. 

^ial  appii.       The  obfervations  on  the  eftea*  of  diffradion  and  inler- 
cuianofihc        fetence,  may  perhaps   fometiines  be  applied  to  a  praclical 
**  purpofe,  in  making  us  cautious  in  our  conclufions  refpeciing 

the  appearances  of  minute  bodies  viewed  in  a  microfcope. 
The  IlKidovv  of  a  fibre,  however  upatjue,  placed  in  a  pencil 
of  light  admillcd  through  a  ImaJI  aperture,  is  always  fome- 
whal  tefs  dark  in  the  middle  of  its  breadth  than  in  the  parti 
OQ  each  lide.  A  limilar  eHeA  may  alfo  take  place,  in  tome 
degree,  witli  refpcfl  lo  the  image  on  the  retina,  and  imprefs 
the  fenfe  with  an  idea  of  a  tranfparency  which  has  no  real 
exiftence!  and,  if  a  froall  ponion  of  light  be  really  tranf- 
mitled  through  the  fuhftance,  this  may  again  be  deftroyed 
by  iu  interference  with  the  diffrafled  ligh»,  and  produce  an 
appearance  «f  partial  opacity,  inflead  of  uniform  fcmitranf- 
J  par enty . 
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psKftcy.  Thot,  a  central  dark  fpot,  and  a  light  fpot  Tur* 
founded  by  a  darker  circle^  may  refpe6tively  be  produced 
in  the  images  of  a  femitranfpareot  and  an  opaque  corpufcle ; 
mod  imprefs  us  with  an  idea  of  a  complication  of  ftru6ture 
which  does  not  exift.  In  order  to  deted  the  fallacy,  we 
may  make  two  or  three  fibres  crofs  each  other,  and  view  a 
number  of  globules  contiguous  to  each  other;  or  we  may 
•btain  a  ilill  more  efTeftual  remedy  by  changing  the  magni« 
fying  power ;  and  then,  if  the  appearance  remain  conftant 
in  kind  and  in  degree,  we  may  be  alTured  that  it  truly  repre- 
sents the  nature  of  the  fubftance  to  be  examined.  It  is  na* 
tural  to  inquire  whether  or  no  the  figures  of  the  globules  of 
blood,  delineated  by  Mr.  Hewfon  in  the  Phil.  Tranf.  VoL 
LXIII.  for  1773,  might  not  in  fome  meafure  have  been  in- 
fluenced by  a  deception  of  this  kind :  but,  as  far  as  I  have 
hitherto  been  able  to  examine  the  globules,  with  a  lens  of 
ooe-fiflieth  of  an  inch  focus,  I  have  found  them  nearly  fucb 
as  Mr.  Hewfon  has  defer ibed  them. 

REMARKS    ON    THE    COLOURS    OF    NATURAL    BODIES. 

Eiper,  5,  I  hare  already  adduced,  in  illuftration  of  New-  On  die  coloon 
ton's  comparifon  of  the  colours  of  natural  bodies  with  thofe^ '**'»''** *^*«* 
of  tliin  plates.  Dr.  WoUaflon's  obfervations  on  the  blue  light  . 
of  the  lower  part  of  a  candle,  which  appears,  when  viewed 
through  a  prifm,  to  be  divided  into  five  portions.  I  have 
lately  obferved  a  (imilar  inflance,  flill  more  flrongly  marked, 
in  the  light  tranfmitted  by  the  blue  glafs  fold  by  the  opti- 
cians. TTiis  light  is  feparated  by  the  priCm  into  feven  dif- 
tind  portions,  nearly  equal  in  magnitude,  but  fomewhat 
broader,  and  lefs  accurately  defined,  towards  the  violet  end 
of  the  fpectrum.  The  firft  two  are  red,  the  third  is  yeHow- 
i(h  green,  the  fourth  green,  the  fifth  blue,  the  (ixth  bluifh 
violet,  and  the  fevcrith  violet.  This  divifion  agrees  very 
nearly  with  that  of  the  light  reficdted  by  a  plate  of  air  -^/^ 
of  an  inch  in  thicknef<,  correfponding  to  the  11th  feries  of 
red  and  the  18th  of  violet.  A  fimilar  plate  of  metallic  oxide, 
would  perhaps  be  about  ttxttc  ^^  ^^  i^^^h  in  thicknefs.  But 
it  muft  be  confeflTed,  that  there  are  flrong  reafons  for  believing 
the  colouring  particles  of  natural  bodies  in  general  to  be  in- 
comparably fmallec  than  this;  and  it  is  probable  that  the 
analogy,  fuggeHed  by  Newton,  is  fomewhat  lefs  clofe  than 

he 
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he  ima^ned.     The  light  reflected  by  a  plate  of  air,  at  atijr 

thlcknefs  nearly  corrcfponding  to  the  1 1th  red,  appears  to 

the  eye  to  be  very  nearly  white ;  but,  under  favourable  cir-^ 

cumflanccs  the  11th  red  and  the  neighbouring  colours  may 

ilill  be  didinguiflied.    The  light  of  forae  kinds  of  coIourc4 

glafs  is  pure  red ;  that  of  others,  red  with  a  little  green  < 

fome  intercept  all  the  light,  except  the  extreme  red  and  the 

blue.     In  the  blue  light  of  a  candle,  expanded  by  the  prifm» 

the  portions  of  each  colour  appear  to  be  narrower,  and  the 

intervening  dark  fpaces  wider,  than  in  the  analogous  fpedrum 

derived  from  the  light  refledled  from  a  thin  plate.     The  light 

of  burning  alcohol  ap))ears  to  be  green  and  violet  only.     The 

pink  dye  fold  in  the  Qiop.^s^  which  is  a  preparation  of  the  car- 

thamus/  affords  a  good  fpccimcn  of  a  yellow  green  light  regu- 

Ijirly  rcflefleJ^  and  acrimfon  probably  produced  by  tranfmiflion. 

VJ.    EXPERIMENT    ON    TFTE    DARK    llAYS    OF   RITTER. 

Exper,  6,  The  exigence  of  folar  rays  accompanying  light,^ 
more  refrangible  than  the  violet  rays,  and  cognifable  by  their 
chemical  eft'e61«5,  was  firft  afcertained  by  Mr.  Ritler :  but  Dr. 
WoIIaflon  made  the  fame  experiments  a  very  (hart  time  after- 
wards, without  having  been  informed  of  what  had  been  done 
on  the  Continent.  Thefe  rays  appear  to  extend  beyond  the  violet 
raysof  theprifinalic  fpeclrum,  through  a  fpace  nearly  equal  to 
that  which  is  occupied  by  tiie  violet.     In  order  to  complete  Ihft 
compariion  of  their  proptTiics  wiih  ihofe  of  vifible  iigi»t,  I  was 
defirous  of  examining  the  elTf^i  of  their  reflection  from  a  (hiu 
plate  of  air,  capable  of  producing  the  well  known  rings  of  co- 
lours.    For  this  pur|)ofe,  I  formed  an  image  of  the  rings^  by 
means  of  llie  folar  microfcope,  with  the  apparatus  which    I 
have  defer i bed  in  the  Journals  of  the  Royal  Inftitution,  and  I 
threw  this  image  on  paper  dipped  in  a  folution   of  nitrate  of 
filver,  placed  at  the  diHance  of  about  nine  inches  from  the 
microfcope.     In  the  courfe  of  an  hour,  portions  of  three  dark 
rings  were  very  diltindly  vidble,  much  fmaller  than  the  bright- 
eft  rings  of  Ihe  coloured  image,  and  coinciding  very  nearly, 
in  their  dimenlions,  with  the  rings  of  violet  light  that  appeared 
upon  the  interpofilion  of  violet  glafs.     1  thought  the  dark  rings 
were  a  little  fmaller  than  the  violet  rings,  but  the  difference 
was  not  fufficiently  great  to  be  accurately  afcertained ;  it  migh^ 
be  as  much  as  ^'g  or  -^y  of  the  diameters,  but  not  greater.     !( 

is 


tt  tKe'  lefs  farprifing  that  the  difference  (hoalJ  be  to  fmall,  as 
the  diaseniions  of  the  coloured  rings  do  not  by  any  means  vary 
at  the  violet  end  of  ihe  fpe^tnim,  (o  rapidly  as  at  the  red  end. 
For  performing  this  experiment  wiih  very  great  accuracy,  A 
beliofUte  would  be  neceflary,  fmce  the  motion  of  the  fun 
caufes  a  (light  change  in  the  place  of  the  image ;  and  leather^ 
impregnated  with  the  muriate  of  filver,  would  indicate  the 
effed  with  greater  delicacy.  The  experiment,  however,  in 
its  prefent  (bte,  is  fuflficient  to  complete  the  analogy  of  the 
invifible  with  the  viiible  rays,  and  to  (how  that  they  are 
equally  liable  to  the  general  law  which  is  the  principal  fub* 
je6l  of  this  Paper.  If  we  had  thermometers  fufficiently  delk 
cate,  it  is  probable  that  we  might  acquire,  'by  (imilar  meant, 
information  dill  more  interefting,  with  rcfped  to  the  rays  oF 
invifible  heat  difcovcred  by  Dr.  Herfchel;  but  at  prefent  tliere 
is  great  reafoo  to  doubt  of  the  pradicability  of  fuch  an  expe-' 
riment. 

*  ■  1  ■!  Ill  I  — — ^i— 

SCIESTIFIC  NEWS,  ACCOUNT  OF  BOOKS,  fyc. 

National  Infiitutc, 

XhE  clafs  of  mathematical  and   phyfical  fciences   of  the  National  Iii(ti« 

French  National  Inftitute  had  a  public  fitting  on  the  6th  Mcfli-  ^"**  P*^*'"' 

dor  (June  25.)     The  fubjedls  appointed  for  prizes  were  the 

/olio  wing: 

Mathematics.     **  It  is  required  to  give  a  theory  of  the  per-  Planet  Palltf, 

turbations  of  the  planet  Pallas,  difcovercd  by  M.  Olbers." 

.    The  prize  will  be  a  gold  medal,  weighing  one  kilogramme; 
(35j6z.  avoirdupois.) 

Natural  Philofophy.     The  clafs  had  propofed  for  the  fubjeft  C*'^"  "*  ^^ 
of  a  prize  the  following  queftion.     *•  To  determine  by  experi-      "* 
ment  the  different  fources  of  carbon   in  vegetables,"     The 
concurrence  is  prorogued  until  the  Ifl  Germinal  in  the  year  13 
(March  22,   1805.) 

The  concurrence  for  the  prize  upon  the  following  quefiion  Torpid  ftatcof 
is  alfo  prolonged  to  the  fame  period.  "  To  determine  by  ana-  ^®*"***<^>  **• 
tomical  and  chemical  obfervations  and  experiments,  what  are 
the  phenomena  of  the  torpid  Hate  to  which  certain  animalsi 
fuch  as  marmots,  dormice,  &c.  are  fubje61  during  the  winter, 
with  refpedl  to  the  circulation  of  the  blood,  refpiration,  and 
irritability ;  to  inve(!igate  the  caufes  of  this  deep,  and  why 
it  is  peculiar  to  thefe  animals." 

The 


The  value  of  iheTe  I  wo  prize!  i*  doubled,  mi  cotiftfti  in 

»lwo  Lilogramm?}  of  gold  nboui  6B00  francs  each  (^289.) 
Tlie  clafs  had  propofed  for  ihe  fecond  lime,  tlie  iSih  Ger- 
m'nal  of  ihe  year  10,  aj   Ihe  fubjea  of 
■n  Ihe  piiblii:  liiritijf  of  Medidor,  the  following;  qneftion, 
erpMott.  ■■  What  are  the  chaiaae.*  which  diftinguith,  in  vegeUbk 

and  animal  inaiien,  ihof?  bodies  which  ferve  as  (ermentt  from 
Ihofein  which  they  produc*  Ihe  dale  ijf  fefmeniation," 

»The  men  'lir*  received  not  Iiaving  atifwercd  the  condilioni 
of  the  program,  and  the  ciafs  corifideiin^  that  this  queflion 
hai  bten  four  years  before  (he  publio,  Ihe  fubjefl  is  now  with- 

tSroitoaT'  Ailronomy.     Mr.  Piazzi  of  Palermo  hai  obtained  Ihc  prtw 

^^guncd  by   fojinded  by  M.  De  Lalande,  in  favoor  of  the  perfun  who  Iball 

have  made  Ihe  moll  inleceRiDg  obfervaiion,  or  written  ibe 

mod  ufeful  rneiDoir  to  the  progreft  of  aUronomy.     Mr.  Piaeri 

is  Ihe  difcoverer  of  Ihe  planit  Ct-n-s. 

tn£ns)>  ThereadingK  delivered  dutiriglhe  filling  were  u  follow: 

I.  Notice  of  the  labouri  of  Ihe  clafs  during  Ihe  year;  the 

mathemalical  pari  by  M.  Di;lambre.     2.  Notice  of  (heir  la-* 

hours;    the  phylical  part  by  M.   Cuvier.       3.  Account   of  » 

phyficu-maihenaiical   theory   of  currents  of  water,   by  M. 

Prony.     4.  A  note  refpeaing-the  smelloralion  of  Aieep  in  iho 

fouth  of  France,  by  M.  TctTier,     S.  General  rellefiions  on  the 

^^^  producliunt  of  Ihe  vegetable  kingdom  in  the  Pyrenean  nioun- 

^^B  lainii  by  M.  Raymond.      6.  ReFlcaions  on  heal,  by  Count 

^H  Rumford.     7.  ExtraO  of  a  memeir  tending  to  illuflrale  Ihe 

^^^  (economical  hiftory  of  vegeublet,  cultivated  or  naturally  grow. 

^^K  ing  in  the  Canaries,  by  M.  firoulTonet. 
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Exlraa  r,f  a  Letter  from  Professor  Bodk,  Aflroitomcr  Hoytd, 
O  Mr.  A.  F.  Thoeidin, 

Dated  Berlin,  Sept.  IB. 
ON  Ihe  firfl  of  September  Mr.  Harding  difcovered,  at 
Lilienthal,  a  new  moveable  ttar ;  it  appears  to  be  of  Ihe  eighth 
magnitude;  in  motion  retrograde  toward*  the  Souih.  Proba< 
biy  ihii  may  be  another  new  planet  in  the  orbit  of  Ceres  uhI 
Pallai. 

IflSept; 
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1ft  S^L  10^.— Even.  RA.  2*^  2V       Decl.  0^  S7'— N. 

5     —      11     8'        .  I     51     51''    -0     11     26''  S. 

S     —        8  11  .  J     29     28       -  0     47     19     - 

10    —        8  15  -  1     12    55       -  1     11     55     - 

Tlie  two  laft  obfervationt  were  made  by  Dr.  Olbers,  at 
Branen.  I  received  this  intelligence^efterday,  but  at  prefent 
this  fmail  planet  (there  are  now  three)  is  not  difcoverablc,  on 
account  of  the  moon-(hine. 


Extras  qf  a  Letter  from  Mr,  G.  B.  Gr  enough. 
#  •  •  •  xhere  is  an  overfight  in  the  hafty  account  I  fent  Comaionof  i 
you  of  the  Abb^  Melograni's  blow-pipe.     No  provifion  is  ^[  ^f^MdJl 
made  for  admitting  the  external  air.    This  may  be  done  by  grim*t  Mow- 
feveral  means.     It  may  be  admitted  through  that  part  of  the  P*P^ 
axis  which  is  oppofite  the  nozel ;  but  as  this  would  require 
feme  contrivance  which  would  render  it  defc^live  in  fimpli*- 
dty,  I  (bould  prefer  the  addition  of  a  fmall  valve  opening  in- 
wards at  that  part  of  each  vefTel  which  is  immediately  oppo* 
flit  the  neck  that  joins  them.     Whetlier  this  method  was  ufed 
in  the  adual  infirument  I  cannot,  at  this  diftance  of  timet  f^ 
colledt. 


Organic  Remains  of  a  former  World.  An  Examination  tf  the 
Mineraiized  Remains  of  the  Vei^etablea  and  Animals  qf  the  An- 
tedihirian  World,  generally  termed  extraneous  Fojils,  Bif 
]aii£s  Parkinson,  Hoxton.  Vol.  I.  containing  the  Vege^ 
table  Kingdom,  ^o.  pp.  471.  uith  10  Plates  {£2  2  0} 
Rohfim,  SfC. 

AS  it  would  be  impradicable  in  the  general  announcement  Parkjnfon*t  or- 
of  a  work  of  the  magnitude  and  importance  of  the  prefent  to  *"^  rtw»uk%. 
give  the  reader  any  well  filled  outline  of  the  plan,  I  mull  con- 
fine myfelf  to  (late  in  few  words,  that  the  defcription  and  elu' 
ddation  of  organic  foi£l  bodies,  though  in  many  points  of 
view  of  the  highefl  intereft,  has  not  yet  condituted  the  fub- 
je^  of  a  general  treatife;  notwithftanding  the  various  confi* 
derations  refpedting  the  local,  the  individual,  and  the  chemi« 
cal  hiftory  of  thefe  wonderful  bodies  have  occupied  the  re- 
fearcbes  of  many  able  philofophers  in  detached  memoirs ;  and 
that  the  compofition  of  fuch  an  hiflory  demands  a  great  ex<» 
triion  of  labour,  in  confulting  and  digefling  what  has  been 

don? 


]44  accoun:^  of  books. 

Parkinfon*!  or-  dotie  hy  Others^  an  accurate,  geological,  and  cheinical  ifieW^ 
f aoic  remaint.    ^^  j|,g  f^^^  ^^^^^  ^l^j^j^  fcientific  conclufions  or  deduaions 

mfly  be  grounded,  and  above  all,  an  ardent  curiofity,  with 
adequate  Icifure  and  means  to  become  acquainted  with  the 
fpecimens  themfelves: — Andf  after  this  preface,  I  mud  add, 
that  fortunately  for  the  advancement  of  this  branch  of  know- 
ledge, the  author  of  the  prefent  work  has  amply  vindicated 
his  claim  to  thefe  requidtes. 

The  work  is  written  in  the  form  of  letters,  and  enlivened 
by  an  adoption  of  the  ftyle  and  fome  of  the  incidents  of  a 
traveller.  Much  of  ufeful  fcience  and  clear  explanations  of 
the  fubjeft  arc  to  be  found  in  tlie  pages  of  tliis  volume.  The 
abridgements  from  other  autiiors  are  full,  and  the  quotations 
always  given  with  the  volume  and  page,  which  I  mention 
more  readily,  as  a  (lovenly  habit  of  loofe  quotationi  or  not 
quoting  at  all,  is  but  too  <-ojumon,  even  with  our  writers  of 
merit.  Nine  plates  of  the  fubje£ts  are  given,  which  do  the 
higheil  credit  to  the  defigner  and  engraver,  Springfguth,  for 
their  delicacy  and  beauty,  and  confiderable  pains  have  been 
taken  in  colouring  them.  The  frontispiece,  reprefenting  the 
Ark  upon  Mount  Ararat,  deiigncd  by  Corbould,  is  happy  and 
appropriate ;  though  the  arlift  has  taken  a  pi6lorial  licence  to 
reprefent  the  fun  and  the  rainbow  nearly  on  the  fame  azimuth, 
for  which  neither  opticians  nor  corre6t  obfervers  will  be  dif- 
pofcd  to  excufe  him. 

The  volume  yet  to  be  publidied  will  contain  the  animal  king- 
dom ;  a  fuhje^t  perhaps  ftili  more  attractive  than  the  vegeta* 
ble.  In  the  remains  of  extind  vegetables,  we  appear  to  con- 
template the  ph^iical  economy  of  a  world  long  ago  obliter- 
ated; but  in  thofe  of  animals,  wefecm  to  behold  fomething 
that  gives  a  glimpfe  into  the  moral  relations  of  thole  beings  oi 
pad  ages  who  exitled  upon  its  (urface. 
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Zkjtripiion  of  a  Tallow  Lamp,  which  regulates  its  Supply  hy  4 

Jpontaneous  Movement,  By  Mr.]  ohhSN  HIT  Lv:f  ho%yi^i^. 
Commumcaied  by  the  fnventor, 

m 

To  Mr.  NICHOLSON. 
SIR, 

1  HE  conflant  attention  which  candles  demand  frona  the Defcrip^ oTt 
frequent  fnuffing  they  require,  and  the  continued  variation '■"'p  ftrteaaj^ 
of  their  light  in  the  intervals  of  this  operation,  on  the  one        * 
hand«  and  on  the  other  the  expence  and  trouble  which  oil' 
lamps  occafion,  together  with  the  difagreeable  fcent  they  in 
general  produce,  have  rendered  the  contrivance  of  a  good 
lamp  for  burning  tallow,  a  defirable  objc^  to  feveral  for  ai 
long  time. 

I  liope,  therefore,  the  defcription  I  fend  of  a  lamp  for  this 
porpofe,  which  poflefles  fome  valuable  properties,  will  be 
acceptable  to  you. 

The  bed  lamp  for  burning  tallow  which  I  had  feen  before 
I  contrived  this,  was  one  invented  by  Mr.  Matrch,  of  Bam* 
iiaple,  in  which  the  tallow  kept  continually  melted  in  a  veflei 
fufpended  ov^r  the  flame,  was  admitted  by  a  fmall  pipe  to  the 
baiYier/  and  the  fupply  regulated  by  a  kind  of  cock  attached 
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Dtfcripdonof  1 15  the  pipe:  But  this  method  occafioned  a  waRe  from  the 
Jjjg*^  ****"""«  evaporation  of  the  melted  tallow,  and  befides,  required  much 
attendance  to  regulate  the  cock  and  keep  the  tallow  veflfel  at  a 
proper  diftance  horn  the  flame ;  for  the  alteration  of  the  tem- 
perature of  the  melted  tallow,  which  was  very  frequent  from 
many  caufes,  continually  changing  its  degree  of  fluidity, 
caufed  it  to  vary  in  its  fupply  through  the  pipe  propor- 
tionally. 

'    It  occurred  to  me  fome  time  after  I  faw  this  lamp,  that  one 
might  be  contrived  in  which  the  tallow  fliould  only  be  melted 
as  it  was  confumed,  and  other  of  the  inconveniences  be  re- 
moved to  which  the  firft  was  fubjed;  and  I  made  then  a 
rough  drawing  of  a  lamp  for  this  purpofe,  bat  other  more 
interefling  matters  prevented  my  having  one  made  on  that 
plan  before  laft  December :  It  confifted  of  a  trough  fupported 
in  an  inclination  of  about  45  degrees,  fimikur  to  the  one  in  the 
figure,  which  held  a  fquare  prifm  of  tallow ;  under  this  was 
placed  a  little  oblong  veflel  of  tin,  formed  fo  as  to  move  for- 
wards and  backwards  like  a  drawer,  in  front  of  which  was 
placed  a  burner :  a  couple '  of  wires  placed  acrofs  the  lower 
pert  of  the  trough,  prevented  the  tallow  firom  Aiding  down 
beyond  them,  as  it  otherwife  would  from  the  obliquity  of  its 
fupport;  but  as  it  melted  by  the  heat  from  the  burner,  it 
fell  in  drops  into  the  little  drawer,  fo  as  to  fupply  the  flame, 
while  the  degree  of  this  fupply  was  regulated  by  moving  the 
.  drawer  in  or  out^  fo  as  to  bring  the  burner  nearer  to,  or  fur- 
ther from  the  tallow.     In  this  ftate,  though  it  formed  a  very 
ufeful  lamp,  it  was  not  fo  perfed  as  I  could  wi(h ;  every  al- 
teration of  temperature  of  tlie  apartment  (which  in  cold  wea* 
ther  happens  frequently)  required  a  proportional  alteration  in 
the^diftance  of  the  burner  from  the  tallow,  to  prevent  the 
little  drawer  being  either  overflowed  by  a  fuperabundahce  of 
melted  tallow,  or  the  flame  ceafing  from  a  deficiency  of  fup- 
ply.   The  attendance  this  circumftance  required  induced  me 
to  contrive  the  preient  lamp,  or  rather  to  improve  the  former, 
in  manner  following. 

I  conceived  that  if  the  little  pan,  which  held  the  melted 
tallow  and  the  burner,  was  placed  on  the  arm  of  a  balance 
inclined  from  30  to  45  degrees  from  the  perpendicular,  and 
it.«  weight  compenfaled  by  a  counterpoife  at  the  extremity  of 
the  other  arm,  that  when  more  than  a  certain  quantity  of  tal- 
low 
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lovr  rao  ii|(o  it,  it  vrouid  fink  lower,  and,  in  doing  fo>  moveDeferifiiMiofa 

the  burner  farther  forward  from  the  trough  at  the  fame  ^>"«»  JjSJj/**  ^ 

and  vice  verjh,  and  tiius  regulate  the  fupply  fpontaneoufly : 

But  as  it  was  neceflary  that  the  pan  (holding  a  fluid)  fliould 

always  maintain  an  horizontal  pofition  during  its  movement,  I 

imagined  this  might  be  effe^ed  by  placing  another  arm  be^    • 

neath  tb«  balance-arm,   and  fixing  a  perpendicular  piece^ 

fo  jointed  to  the  extremity  of  each  as  to  move  frefli  and 

ileadily,  which  piece  fiiould  fupport  an  horLiontal  (land  for 

the  pan. 

I  had  a  lamp  made  in  this  manner,  and  foutul  it  anfwer  my 
intention  perfedly.  It  required  no  attendance  wbatfoever^ 
Jbut  regulated  its  fupply  with  precifion ;  and  afibrded,  like- 
wife,  an  agreeable  fpedacle,  having  in  its  movements  fome- 
what  the  air  of  thofe  of  an  animal,  from  their  exad  rela* 
.lion  to  an  evident  objed,  and  adopting  themfelves  to  ijl  its 
changes. 

The  lamp  thus  made  affiimed  the  form  in  the  figure,  PI.  IX* 
where  Treprefents  the  inclined  trough  for  holding  the  tallow ;  P 
the  pan  for  catching  the  tallow  as  it  melted;  and  holding  the 
burner ;  F  the  flame  and  burner ;  R  the  perpendicular  piece 
Xufiaining  a  fupport  for  the  pan ;  B  the  balance  moving  freely 
on  its  center  in  the  Hand  S,  and  jointed  to  R  as  before  de- 
fcribed ;  c  the  parallel  arm  ufed  to  keep  R  perpendicular,  and 
i>y  its  means  horizontal ;  w  the  counter  weight,  placed  fo  as 
to  move  on  the  extremity  of  B  by  a  f«rew.  The  firfl  frofiy 
night  (hewed  me  the  necellity  of  the  addition  of  another  part 
to  remedy  an  inconvenience  I  had  not  forefeen  ;  the  dropping 
tallow  afluming  the  form  of  an  ificle,  joined  the  pan  to  the 
trough,  and  thus  flopped  its  movement :  As  it  was  trouble- 
fome  to  break  this  off  as  it  occurred,  I  contrived  the  follow* 
ing  means  to  prevent  its  formation :  A  little  oblong  Aiding* 
piece,  the  fame  breadtli  as  the  trough,  was  placed  clofe  un- 
derneath its  lower  part ;  the  extremity  of  this  Aide  was  made 
angular,  that  the  melted  tallow  might  fall  from  a  Tingle  point; 
a  wire  reprefented  at  L,  moved  it  back  or  forwards  as  re- 
quired :  By  this  Hide  the  drop  may  be  made  to  fall  as  clofe 
to  the  dream  of  burning  air  from  the  flame  as  is  thought  fit, 
and  all  congelation  prevented.  I  aflerwards  added  a  fort  of 
refledor  to  the  lamp,  which  confiderably  improved  the  light^ 
not  merely  acting  as  its  name  implies,  but  atfo  occafioning  an 

L  2  increafe 
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Ma^tfoa  qI  t  iocreafe  in  the  corrent  of  air  which  pafled  the  flame,  ren. 

JSJ^^y^dcred  H  foinewhat  more  bright,  and  confiderably  more  ftcady. 
Tfait  part  is  reprefented  at  D  in  the  figure,  and  confifls  of  two 
fide-pieces  placed  before  the  trough,  but  fo  as  not  to  obftruft 
the  tallow,  and  bent  forward  to  form  an  angle  with  its  fides. 
To  improve  the  light,  I  alfo  ufe  in  the  lamp  five  fmall  diftindt 
wicks,  of  three  threads  each,  inftead  of  one  large  wick,  placed 
near  eaeh  other  in  a  row,  which  renders  the  flame  clear  and 
free  from  fmoke,  and  thereby  alfo  prevents  any  unpleafant 
fcent.  I  ufed  this  lamp  for  more  than  three  months,  and 
found  it  very  qpnvenient  for  reading  or  writing  by,  as  when 
6nce  lighted  it  required  no  farther  attention,  and  kept  its 
light  at  nearly  the  fame  height  at  all  times,  and  of  the  fame 
degree  of  intenfity;  and  I  can  further  recommend  it,  as 
yielding  the  greateft  light  at  the  fmalieft  cofl,  in  proportion, 
of  any  invention  yet  made  public  which  is  applicable  to  dof- 
meftic  ufes. 

I  have  had  two  lamps  of  this  kind  carefully  made  by  Mr. 
Lloyd,  No*  178,  Strand,  and  left  with  him  as  models:  In 
one  of  which  the  ^hief  objed  is  cheapnefs,  as  far  as  confident 
with  perfedion  and  neatnefs ;  in  the  other,  to  form  an  elegant 
utenfil  for  the  (ludy,  office,  or  chamber ;  and  any  gentleman 
may  be  fupplied  with  them  there,  made  exaflly  to  my  plan, 
on  reafonable  terms ;  and  as  Mr.  Lloyd  is  the  only  perfon 
at  prefent  appointed  to  make  them,  and  inftrudted  fully  in  the 
mechanifm,  they  can  be  had  perfect  from  him  only. 

It  is  probable  wax  might  alfo  be  burned  in  this  lamp  at 
well  as  tallow :  of  this  I  cannot  fpeak  from  experience,  but 
mention  it,  as  I  know  fome  would  prefer  to  ufe  it. 

I  am.  Sir, 

Your  very  humble  fervant, 

J.  WHITLEY   BOSWELL 

Oct.  1,  1 80  k 
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II. 

Account  of  a  JUccefifid  Cafe  in  which  Deqfnefi  was  cured  by 
PunSure  qf  the  Metnbrana  Tympani.  By  M,  Maunoir,  qf 
Geneva.  Communicated  by  Alzxavdebl  MjkKCETf  M.D* 
Fijian  to  Guy*9  HoJpitaU 

To  Mr.  NICHOLSON. 
SIR, 

X  HE  inclofed  communication  on  the  effeds  produced  io  aintradoAoffy 
cafe  o^  deafnefs  by  the  perforation  of  the  tympanum  of  the^***^ 
ear,  is  ex'adted  from  a  letter  which  I  have  jafl  received  from 
Mr.  Maunoir,  an  eminent  furgeon  at  Geneva.  The  hiflory  of 
this  cafe,  drawn  up  by  fuch  an  intelligent  and  accurate  ob* 
ferver,  appears  to  me  curious,  both  from  the  phyfiological  re- 
marks which  it  contains,  and  from  the  driking  illuftratioo 
which  it  affords  of  a  new  mode  of  pradice  lately  propofed  ia 
this  country.  And,  as  this  fubje£t  feems  fully  as  interefting 
in  its  philofophical  point  of  view,  as  in  its  cooDeftion  with 
pradical  furgery,  I  (hould  wi(h,  if  you  think  it  proper«  that 
you  would  give  it  a  place  in  the  next  number  of  your  valuable 
Journal.     I  have  the  honour  to  be.  Sir, 

Your  obedient  humble  fervant, 

ALEXANDER  MARCET. 

St.  Mary  Axe,  Oa.  16,  1804. 

Extras  qf  a  Letter  from  Mr.  Maunoir,  furgeon  at  Geneva, 

dated  5th  September,  1 804*. 

*'  Mr.  F.  of  Geneva,  aged  forty  years,  hadlod  his  hearing,  A  gcntkowii 
feveral  years  ago,  in  confequence  of  a  long  afiedion  of  the  h^bmUwexti 
poderior  part  of  the  internal  fauces,  and  it  was  evident*  that,  years  txtitaieljr 
in  this  cafe,  the  euftachian  tubes  were  obliterated*    In  con<-      * 
denfing  the  air  in  his  mouth  and  noilrils*  he  was  totally  unable 
to  diftend  the  membrane  of  the  tympanum,  a  thing  which  it 
very  eafy  to  do  for  any  one  who  enjoys  a  perfect  fenfe  of  hear* 
iDg.     He  could  fcarcely  hear,  even  when  you  (houted  in  his  * 

ears^  and  although  fo  long  deaf,  he  had  not  acquired  the  ^ 
colty  of  underftanding  by  the  motion  of  the  lips.  After  pe- 
xufing  the  paper  which  I  lately  publifhed  in  the  Biblioth^que 
Britannique,  Mr.  F.  conceived  that  he  might  be  one  of  thofe 
in  whom  the  bearing  could  be  recovered  by  the  perforation  of 

the 
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Punaare  of  the  the  (jjrmpanum.    On  the  1 4th  of  July  laft,  I   performed  that 
S?^""         operation  on  bis  right  ear,  in  prefence  of  Mr.  Jurine,  with  a 
very  fmall  Irocar,  about  one  eighth  of  an  inch  in  diameter.  At 
the  inHant  that  the  in(lnxment  was  withdrawn,  we  fpoke  to 
him  in  a  low  voice;  but  inftead  of  anfwering,  he  remained 
immoveable  in  his  chair,  and  feemeH  fiupified. — ^Then  he  ex- 
iBfttotreftan-  claimed  "  For  God's  fake  gentlemen,  don't  cry  out  fo  loud  J 
withextreoie     y^**  ^^^^  me!"  I  then  began  to  walk  about  the  room. — The 
ftnfibi^ty.         fqueaking  of  my  boots  made  him  (hudder  and  jump  in  his  chair  j 
and  he  covered  his  ear  with  his  hand.     The  fnapping  of  the 
fingers  quite  diftracted  him^  and  feemed  to  produce  upon  him 
an  eflFed  fimilar  to  that  of  a  piftol  fuddenly  fired  in  the  ear  of 
a  perfon  not  aware  of  it.     When  fpoken  to,  though  in  a  whif- 
per,  he  complained  that  we  fpoke  too  loud.     Yet  in  fpite  of 
this  exceffive  fenfibility  to  very  inconfiderable  noifes,  there 
were  other  founds,  not  lefs  diftindt,  which  he  did  not  hear, 
even  at  a  very  little  di fiance;  fuch  for  indance  as  the  ticking 
Some  foviids      of  his  watch.     So  that  his  hearing  feemed  to  be  fometimes  too 
IT^ftrtSl!*      ^"^''  fometimes  too'  acute ;  becaufe,  no  doubt,  the  organ  had 
lofl  the  fiiculty  of  adjufling  itfelf  to  the  different  modulations 
of  found.    A  week  after  this,  however,  Mr.  F.  had  lofl  that 
exceffive  fenfibility  which  rendered  acute  founds  almofl  in* 
tolerable  to  himf  and  in  fa£t  he  had  already  again  Uarnt  io  hear. 
He  then  wifhed  to  have  the  other  ear  perforated  in  the  fame 
manner.     I  performed  this  operation,  but  without  effect. — 
Twenty  days  after  this  fecond  operation,  Mr.  F,  called  upon 
The  other  ear    me.     I  examined  his  ears  in  a  fine  fun  fhine,  and  could  fee  in 
P"°^^  ^*^''*  the  right  ear  the  membrane  of  the  tympanum  traverfed  in  its 
exterior  part  by  a  fmall  cicatrix,  having  in  its  center  a  fmall 
hole  which  was  hardly  perceptible.     Yet  the   hearing  was 
fcarcely  diminiflied  fince  the  firfl  operation.     Fearing  that  this 
fmall  aperture  might  clofe  itfelf  entirely,  Mr.  F.  defired  -that 
I  would  perforate  again  the  membrane  of  that  ear,  an  opera- 
tion which  was  repeated  without  giving  him  any  pain,  but  not 
without  a  flight  increafe  of  fenfibility  in  his  hearing.     I  after- 
Caofe  ef  this      wards  examined  the  left  ear,  and  having  placed  the  meatus  in 
tailaretf  the  diredion  of  the  fun's  rays.     I  diftinclly  perceived  a  falfe 

membrane  adhering  to  the  ivhole  circumference  of  the  pafTage, 
and  perfedly  fimilar,  in  its  form  and  fituation,  to  that  of  the 
tympanum,  the  diflance  between  the  two  membranes  being 
fcarcely  one  fixth  part  of  an  inch,     I  took  off  at  once  this 

4  fatfe 
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fiilfe  aembmne  with  a  pair  of  tweeaers»  and  di(co?«rad  bt- 

hiDd  it,  the  tympanunix  quite  found  and  entire.    I  thought  it 

probable  that,  in  the  fecond  operation,  I  had  only  touched 

this  h\(e  membrane.     I  immediately  perforated  the  true  one i  Repe^ioo  of 

and  was  furprized  (as  well  as  my  brother  who  attended  this  ^^^^^ff^ 

operation)*  to  find  that,  although  Mr.  F.  had  already  learnt  fimilar  phoM* 

again  to  hear  with  the  right  ear,  yet  the  reftoration  of  his  beaf* 

ing  in  the  left,  occafioned  in  him  the  fame  e£Feds  of  wonder* 

and  of  exceffive  fenfibility  to  the  lead  unexpected  noife,  whioh 

he  bad  experienced  after  the  fird  operation.     This  inconveni* 

ence,  however,  has  not  been  of  longer  duration  in  thu  ear* 

than  it  had  been  in  the  other." 


HI. 

« 

Letter  Jron  Mr.  Timothy  Shxld&akx,  expojing  the  Errors 

(tfM.  Tingrjf  rejpeding  Copal  Varmjia;  with Jbtne  farther  ln» 

JtruAioM  concerning  ihejhme. 

(Received  0&.  16,  1804.) 

To  Mr.  NICHOLSON. 
SIR, 

M.  TINGRY,  profeflbr  of  chemiftry,  &c.  in  the  academy  Tingry  in  his 
of  Geneva,  has  publifhed  a  treatife  on  the  art  of  making  and  *^iV|°~°* 
applying  varni(hes;  with  new  obfervations  and  experiments 
on  copal,  &c.  &c.      A  tranflation  of  that  work  has  lately 
appeared  here,  and  at  p.  157  of  that  tranflation  I  find  the  foU      ^ 
lowing  paflage. 

*'  Mr.  Timothy  Sheldrake  mentions  camphor  as  a  medium 
for  diilblving  copal  in  efTence*  and  alcohol.  He  gives  alfo  an« 
other  procefs,  in  which  ammonia  (volatile  alcaline  fpirit  offal 
ammoniac)  in  the  proportion  of  an  eighth  part  of  the  eflence 
employed,  is  fubftituted  in  the  room  of  camphor. 

«'  Exper.  I.  Of  the  three  procefTes  which  he  defcribes,  I  "Pf*?*'f5!ifl' 
repeated  two:  thofe  which  regard  the  foluiion  of  copal  in  ef- fo^ 4jflblvlng 
fence  and  in  alcohol  by  a  mixture  of  camphor.     That  with  ef-  copal  in  effince 
fence  did  not  fitcceed.     The  author  himfelf  announces  that  be  ^g^^..^     *** 

*  Throughout  the  book  this  word  is  ufcd  to  defcribc  what  we  call 
^rit  of  turpentine* 

always 
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•Iwiys  fiiiled,  except  when  he  obtained  the  etTence  from  apo« 
thecaries  hall.     It  appears  that  this  eflence  had  by  chance  all 
thofe  effential  qualities  which  we  endeavour  to  give  it  by  time, 
and  Aill  more  fpeedily  by  the  influence  of  light. 
mm^MktkMin     **  ^9-  II*  'The  ^^me  experiment  repeated  with  pare  alco- 
hol vxu  attended  with  too  Httle  fucceft  to  make  the  reJUlt  be  con~ 
fidered  as  a  vomijh.    The  alcohol  appeared  mtlky»  and  the 
copal  formed  at  the  bottom  6^  the  veffel  a  mafs  which  did  not 
feem  to  have  decreafed  in  volume.     Next  morning  the  inler- 
pofed  part  of  the  copal,  which  altered  the  limpidity  of  the  al- 
oohoU  was  precipitated,  and  adhered  to  the  (ides  of  the  glafs* 
The  procefs  I  have  defcribed  for  fpirituous  tin6l(jre  of  amber 
would  give  more  hopes  of  fuccefs  without  any  intermediate 
fub(hince/' 
He  infen  that         *'  In  regard  to  the  means  propofcd  by  the  medium  of  am* 
^^tt}^^^  roonia,  the  feline  nature  of  that  liquid,  tf  the  proceft JUcceeds, 
fed  and  noc       ^^'^  "ot  admit  of  the  produd  being  placed  in  the  dafs  of  var* 
Tamiibes.  nifties  dedined  for  delicate  painting.     It  is  a  kind  qf  jhponace* 

ous  compound,  thevjeqf  which  is  not  to  be  recommended  in  JUch 
*  cqfti." 
OUbnatioai  The  paflage  above  <}uoted  undoubtedly  relates  to  a  paper 

la  fcply.  which  I  communicated  feveral  years  ago  to  the  Society  for  the 

Encouragement  of  Arts,  &c. 

This  paper  was  wholly  tranfcribed  *  into  fome  periodical 

publications,  and  parts  of  it  into  others ;  it  may  therefore  he 

neceflary  to  obferve  that  when  reference  is  made  to  the  original 

paper,  it  muft  be  underdood  to  mean  as  it  was  printed  in  the 

Society's  Traofadions,  and  not  to  any  imperfe^  extrafls  th^t 

may  have  been  made  froih  it. 

Mr.TiAgiy  Mr.  Tingry  (hould  have  been  fenfible  of  the  danger  in  op- 

•"8***J*^*®       poiing  a  conjedlure  or  opinion  pureh/  Jpeculatirc,  to  what  is  de- 

jfr*fy/tfftffff>£ilnft  ^'^n^^  ^  9  fad  tliat  had  been  denionjlrated  by  experiment.     Since 

fid**  it  is  more  probable  that  the  conjedlure  fl)ouId  be  unfounded,  or 

the  opinion  untrue,  than  that  a  man  (hould  forfeit  his  reputation 

with  the  public  by  relating  that,  as  having  been  demonflrated 

by  experiment^  which  tiie  perfon  who  contradidts  him  fays 

cannot,  in  the  nature  of  things  be  true,  even  if  the  procefi 

JUcceeds :  As  it  is  the  intention  of  your  valuable  Journal  to  pro- 

mote  the  caufe  of  fcience,  and  as  that  caufe  will  be  as  etfecl- 

P  See  oyr  Journal,  I.  2b0, 

ually 
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QaHyferved  by  the  detedion  of  errors,  as  by  the  pronittlff^ttion 
<if  new  fads,  I  truft  you  will  favour  me  By  infertinj^  the  follow- 
ing  obfervations  on  thofe  paffages  which  I  have  quoted  from 
Mr.  Tinf^ry's  Work;  beginning  with  that  in  which  he  attempts 
todemolilh  one  part  of  difcovery  (if  it  may  be  fo  called)  with* 
oot  ofing  one  experiment  as  the  inflrument  of  deftru^ion. 

"  In  regard  to  the  means  propofed  by  the  medium  of  am- 
mooia,  the  faline  nature  of  that  liquid,  if  tkeproctft  JUcceeds, 
will  not  admit  of  iheprodti&  being  placed  in  lAe  c  L  a  s  s  o  f  v  a  K«  / 
nisMKS,  dellined  for  delicate  painting;  it  is  a  kind  oi  Jhponeh 
ceous  compound f  the  ufe  ofxuhich  ii  not  to  he  recommended  in  fuch 
cafes,'* 

In  opposition  to  all  thiit  I  have  but  a  fimple  fad  to  produce:  Intbiices  of^ 
viz.  It  is  many  years  fince  I  diflblved  copal  by  the  procefs  al-  J^  wS^Soofi 
Inded  to;  and  actually  varnifhed  feveral  pidures  with  the  folu-  maoy  yean  ago^ 
tion  fo  prepared:  tliofe  pidures  appeared  to  fliine,  or  bear  out,  JJ]^  ^^^^" 
as  artifts  call  it,  as  well  as  if  they  had  been  covered  with  any  lent  ronyitfinfa 
other  varnifli;  the  colour  of  the  vamifli  has  not  changed  in  th« 
Jealt,  which  mod  other  varni(hes  would  have  done  in  the  fame 
time ;  they  have  flood  in  a  fmoky  houfe  in  London  the  whole 
lime,  have  been  repeatedly  wafhed  with  warm  water,  and 
gleaned  with  fpiritof  turpentine;  and  notwithflanding all  this, 
they  flill  preferve  their  glolTy  appearance  undiminilhed.     If  a 
folution  which  is  proved  by  the  experience  of  many  years  to 
poflefs  thefe  prop>erties  in  an  eminent  degree,  does  not  deferve 
to  be  admitted  into  the  dafs  of^  varnifhes,  it  is  not  eafy  to  tell 
to  what  fubflance  Mr.  Tingry  will  grant  that  diftindion. 

Having  faid  thus  much  for  the  fJEid,  we  may  venture  to  pro-  The  ammdeaa 

cced  to  the  theory :  When  ammonia  and  copal  were  mentioned,  P«>*>«Wy  5**?"* 

^  "^  .  no  part  of  the 

the  combination  of  both  tliofe  fubflances  with  the  fpirit  of  tur-compoaadi  bat 

pentine  appeared  to  Mr.  Tingry  to  be  fo  much  a  matter  of^»i»<>^»^ 

courfe,  that  he  took  it  for  granted,  and  drew  all  the  concin- ^^^^^ 

iions  from  it  without  making  a  (ingle  experiment  to  prove  the 

reality  of  the  h€t,  had  he  done  fo,  even  he,  with  the  (Irong 

prejudices  he  evidently  has  upon   this   fubjeft,   might  have 

doubted  if  the  ammonia  entered  into  the  compoJUion at  all;  to  me 

it  appears,  after  attending  carefully  to  the  phenomena  of  the 

Ibltttion,  that  it  does  not;  but  without  determining  pofitively 

on  the  fubjed,  I  fhall  defcribe  thofe  phenomena,  and  leave 

your  readers  to  judge  for  themfelves, 

Tho 
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Pitiiculir  it-  The  copa!  ranft  be  groMy  powdered  and  put  inte  ■  eonre- 
(cripiionof  <li=  njeiit  „]^f,  ^.e(i-e|  ,1,^  fp|f[,  „(■  lufpenlino  and  ammonia  muft 
in  fp.  of  turpeu-be  well  (haken  together,  and  the  mixture  poured  upon  the  co- 
lue  t><r  ■moW'  palj  [|,e  veffel  clofed,  and  fo  maoh  heat  applied  ai  (Iwll.  as 
fpeodily  ai  poffible,  make  llie  fpirit  boil  (o  (lowly  thallhe bub- 
^^_  bles  may  be  CounCed  ai  they  rife  to  llie  furfacci  if  ihii  is  IkiU 

^^^B  fully  performed,  the  folulion  ii  leen  la  lake  place  in  the  follow- 

^^^1  ing  manner^  the  mixiuje  has  a.  iniiky  appearance  when  fitH 

^^^M  applied  to  llie  copal ;   the  upper  furface  lirll  becomes  clear,  the 

^^^K  cloud  gradually  fubiiile;,  and  attaches  ilblf  to  the  cupjl,  which 

^^^H  fwdU  and  becomes  opaque;  Bporlion  of  it  in  a  dilfolved  Hate 

^^r  frradually  exudes  with  the  aif  bubbles,  and  ditTures  iirell  in  the 

fpiril,  and  this  cominiies  till  it  hat  taken  up  as  much  as  cao  be 
TherucctCa  furpended  in  it ;  no  more  is  then  diflblved:  It  is  on  tlie  Ikiirut 
^'^rt'maE'of  '"'nag^'nent  of  thefe  circumHanees  that  the  fuccefi  ni  the 
the  cucum-  procefs  depends;  for,  if  lefs  heat  tboti  I  he  degri^e  required  be 
(twtci.  given,  the  folulion  flops ;   if  more,  the   bits  of  copal   inftead 

of  being  opaque  and  adhering  l(^ethet  at  the  bottom  of  the 
velTel,  refumu  (heir  Iranfpareiicy,  and  are  agiialed  feparately 
by  boiling  of  ihe  fpirii  ;  and  when  eiilier  of  (hefe  accidcnis 
happened,  1  could  of  ver  afterwards  dilfolve  the  fame  portion 
of  copal  either  in  iho  fame  or  any  frefli  portion  o(  fpirit'.  If 
1  might  venture  to  explain  tlicfe  pheniimena,  I  (liould  fay,  that 
Ihe  ammonia  gradually  quits  the  fpirit  of  lurpenline,  and  unites 
with  the  copal,  and  reduces  it  to  fuch  a  Aaie,  that  with  the 
mltillance  of  the  peculiar  degree  of  heat  thai  1  have  defcribed, 
the  fpiril  of  turpentine  ia  enabled  lo  diltolve  fii  much  as  will 
form  a  varnilb  ;  but,  if  either  more  or  lefs  heat  ii  applied,  the 
.  copal  cannot  be  diffolved,  and  then  the  operation  is  abortive. 
EiteZkncE  «f  Whether  this  explanation  be  faiislaflory  or  not  it  of  fmall 

*'""""'■*"■  ccnfequence,   the  evidence  of  piflures  in  my  polTeffinn,  which 
were  varniQiud  with  ihii  tolulion  many  years  ago,  and  dill  re. 
main  more  perfeft  than  they  would  have  been  if  covered  with 
Any  other  varnilh,    ia  fufficient  lo  prove  that  all  Mr.  Tingry  has 
fdid  on  thi<  fubjcd  has  not  the  fmalleil  foundation  in  truth. 
Hint  which  pro.      I  had  examined  all  the  books  which  I  had  accefs  lo,  without 
^""^  die  dif-     gelling  any  information  refpefling  ibe  folulion  of  copal  for  ihe 
'  purpofe  of  mailing  varnith,   till  in  Lewis's  Iranllalion  of  Neu- 

man's  works!  found  the  following.  Vol.  II.  p.  27.  "  Solutions 
of  copal  have  been  greally  eileemed  as  varniQiet,  and  Ihe  me- 
thod of  making  the  folulion  kept  a  fecret  in  particular  hands: 
Junker 
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• 

Jdbfaermfbrmtiis  that  it  readily  fttcceeds,  if/piritiifJhUammo» 
mioe,  wdxed  toiik  a  due  proportion  ofeil  of  Jpike  or  ml  qf  twt^ 
peittme,  be  ufed  as  the  menAruaro."  Upon  this  tint  I  pro- 
ceeded till  I  had  difcovered  the  procefii  I  have  defcribed ;  bat, 
liiottgh  the  varnifh  anfwered  ever^  purpofe  I  could  wifti,  the 
treoble  of  making  it  being  great,  and  the  fiiilare  of  theprocefs 
fo  firequent  that  I  determined  to  feek  for  fome  more  convenient 
method. 

Having  foond  that  copal,  when  powdered  and  rubbed  in  the  In?intioo  of 
mortar  with  a  froall  quantity  of  camphor,  became  foft,  and  in  a  f!?^^^^  * 
few  minutes,  united  in  one  coherent  mafs,  I  conje^ured  that  by  than  •■witm^t^T 
means  of  camphor,  copal  might  be  diflfolved  in  alcohol,  and 
apon  trial  found  that  it  might  be  fo  diflfolved,  and  rendered  fit 
for  the  purpofes  of  varnifh  ;  this  I  did,  not  by  way  of  experi- 
ment, but  in  con6derabte  quantities  and  at  various  times ;  fo 
often,  that  I  am  authorifed  to  fay,  that  if  the  materials  are 
good,  and  the  procels  I  have  defcribed  in  the  Tranfaltions  of 
the  Society  for  Encouragement  of  Arts  be  followed,  there  can 
be  no  difficulty  in  making  a  colourlefs  fpirit  varnilh  from  copal ; 
and  as  a  proof  that  this  may  be  done,  I  fend  you  a  fmall  quan^  ^ 

tity  that  I  made  fome  time  ago,  and  which  will  enable  you  to 
judge  whether  it  deferves  to  be  "placed  in  the  daft  qf  vamiJUes.** 

But  as  it  is  improper,  for  many  realons,  to  vamifh  pictures  Sp.  of  tmrpeii- 
with  any  fubftance  dilTolved  in  alcohol,  I  tried  to  diflblve  the  J^^j^JJ^I*"* 
copal  in  fpirtt  of  turpentine  by  the  intervention  of  camphor, 
and  fuGceeded ;  not  fo  eaiily  indeed  as  in  alcohol,  but  always 
with  the  certainty  of  fuccefs,  when  the  precautions  I  have  de- 
fcribed were  obferved;  this  has  been  uniformly  the  cafe  with 
myfelf  for  feveral  years,  as  well  as  feveral  artifts  who  have 
made  the  trial ;  and  it  has  now  been  proved  by  many  years  cxt 
perience  that  copal  diffolvedy  by  means  of  camphor,  in  fpirit  of 
turpentine,  is  as  colourlefs  as  the  refin  itfelf  and  perhaps  as 'p),;,  ^j„^*lli  1^ 
durable,  fince  pidures  that  have  been  vamiflied  many  years  alfo  excelkat* 
with  it  have  been  preferved  without  the  lead  change  even  in 
the  colour  of  the  varnilh,  which  would  not  have  been  the  cafe 
bad  any  other  fubftance  been  ufed. 

As  Mr.  Tingry's  experiments  lead  to  very  different  concia* 
fions,  I  am  compelled  to  fuppofe,  either  that  they  were  inac- 
curately made,  or  that  the  copal,  camphor,  alcohol,  and* 

'fpirit 

*  Mr.  Tingry  himf^If,  as  befiys^  tried  to  diflblve  copal  in  fpirit 
9f  turpentine,  and  the  proceiii  did  not  fuccecd:  hia  notion  that  the 

fpirit 
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fpirjt  of  turpenline  in  hii  cmintry  are  very  AiSetent  from  (He 
Tubfiances  whicli  are  fold  by  Ihe  Tame  name«  in  this. 

My  intention  in  commuiticating  Ihofe  paperi  lo  (he  Socieljr 
was  lo  alTin  Ihofe  who  are  engaged  in  the  prafllce  of  the  arts, 
by  making  public  a  method  of  making  a  vainiHi  that  muA  b« 
valuable  lo  tliem :  and  I  have  been  induced  to  trouble  you  with 
this,  in  hopes  ihal,  by  printing  it,  you  may  prevent  thpfe  faife 
notion!!,  which  might  be  formed  upon  Mr.  Tingry's  expeti- 
menls  from  gaining  credit ;  lo  which  you  will  allow  me  to  add 
fuch  hints  and  improvements  as  may  prevent  difappoinlment  lo 
tbofe  who  undertake  lo  prepare-lhis  varnilli  I r-i  Ihemrelves  in- 
jlead  of  dependtng  upon  (l>ofe  who  make  it  for  fale;  this  every 
Vlift  (hould  do  if  he  refolves  to  have  it  perfeQ  ;  for,  though 
I  do  t)oi  mean  to  fuppofe  that  every  maker  of  varnilh  will  fub> 
ftilule  inferior  arlicles,  yel  it  is  certain  that  where  the  price  of 
one  article  is  higher,  becaufe  it  is  really  valuable,  and  difScult 
to  make,  many  dealers  will  fubdituie  fomelhing  inferior  that 
produces  more  pro6t  lo  himfelf,  without  confidcring  whether 
it  may  not  be  injurious  lo  Ihofe  who  are  lo  ufe  tl. 

n        I  had  feveral   times  given  foine  of  my  varnilh  to  an  arlill. 

,  who  liked  il  fo  well  that  he  requefled  I  would  inHrua  htm  lo 
ma)K  it  himfelf,  inlieal  of  making  frequent  applications  (oin« 
for  it :  I  procured  him  the  necelTary  apparatus,  and  gave  him  a 
written  account  of  the  procefj,  with  fuch  verbal  in(lruflion» 
as  1  could  add  to  it,  and  left  him  to  procure  hi>  own  maieriali 
and  proceed  to  work  by  himfeif;  he  did  fo,  and  did  not  fuc- 
ceed  in  dilToIving  ihe  copal ;  he  fried  a  feconil  and  third  time 
with  no  more  fuccefs;  he  then  brought  his  materials  lo  me, 
rerjuelled  that  I  would  try  if  I  could  dilfolve  ihem  ;  which  ex- 
periment would  determine  wheiher  his  materials  were  bad,  op 
whether  Iherc  wat  any  defefi  in  his  manner  of  attempting  ths 
procefs :  this  I  refolved  to  underiake;  ufing  Ihe  fame  fpirit 

fpirit  1  ufed  had  by  chanet  obtained  ihofe  powers  fordilTolving  copal 
which  ht  tnJlaiJiiiirs  lo  gitit  ll  kj  lime,  &c.  ii  pcrfcftly  ridiculous. 
You  ind  your  EngUOi  rcndurt  will  know  that  in  faying  I  did  not 
futctcd  when  I  uftd  fpiiit  uf  turpentine  from  ihc  colour  Ihops,  but 
always  did  when  I  got  the  fpirit  from  Apothecaries  Hall,  I  meant 
that  at  the  latter  place  J  always  obtained  the  belt  article  of  the  kind, 
inllead  of  the  inferior  ariictes  which  are  fold  by  the  fax 
ether  places,  though  [oially  unlit  for  this  purpofc. 
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•od  copal  which  lie  bad  thrice  attempted  in  vaiii  to  diflblve  $ 
•nd  at  the  feme  time  fubjeAing  another  portion  of  my  own 
SMlerials  to  the  fame  procefs  io  every  particolar :  I  fucceeded 
in  both  inAances :  the  only  difference  was  that  the  folution 
frfaicb  I  produced  From  the  materials  which  had  been  tried  by 
ny  friend  was  not  fo  vifcid  as  that  which  was  obtained  from 
the  freih  materials. 

At  the  procefs  which  I  have  ufed  for  fome  time  pafl  is  dif-  ImpreveA 
ferent  from  and  better  than  that  which  I  communicated  to  the  P'^*^** 
Societyt  and  has  been  publifhed  in  their  TranfaAions,  I  truft 
yoQ  willexcafe  me  for  defcribing  it  here;  it  is  fuch  an  one  as 
may  be  foccefsfully  ufed  by  any  perfon  upon  a  common  fire, 
withoot  any  danger,  and  which  any  man  of  fcience,  or  who 
may  chafe  to  adopt  in  a  large  way,  may  eafily  modify  fo  as  (o 
anfwer  his  purpofe* 

Provide  a  ftrong  veflfel  made  of  tin  or  other  metal,  it  fhonld  Saftaadeaff 
be  fliaped  like  a  wine  bottle  and  capable  of  holdmg  two  quarts ;  Sg  cowlTir^ 
it  will  be  convenient  to  have  a  handle  ftrongly  rivetted  to  the  ni&« 
neck ;  the  neck  ihoald  be  long  and  have  a  corb  fitted  to  the 
Qoathy  but  a  notch  or  fmall  hole  (hould  be  made  in  the  cork, 
tliaCy  when  the  fpirit  is  expanded  by  heat,  a  fmail  portion  roay 
force  its  way  through  the  hole,  and  thus  prevent  the  veilel  from 
barfting. 

Diflblve  half  an  ounce  of  camphor  in  a  quart  of  fpirit  of  tur- 
pentine, and  put  it  into  the  veiTel ;  take  a  piece  of  copal  the 
fise  of  a  large  walnut,  reduce  it  to  coarfe  powder  or  very 
fmall  pieces;  put  them  into  the  tin  bottle,  fallen  the  cork  down 
with  a  wire,  and  fet  it  as  quick  as  poffible  upon  a  fire  fo  briflc 
as  to  make  the  fpirit  boil  almoft  immediately ;  then  keep  it 
boiling  very  gently  for  about  an  hour,  when  fo  much  of  the 
copal  will  be  diflblved  as  will  make  a  very  good  varnifh  ;  or, 
if  the  operation  has  been  properly  begun,  but  enough  copal 
has  not  been  diflblved,  it  may  be  again  put  on  the  fire,  and  by 
boiling  it  flowly  for  a  longer  time,  it  may  be  at  lafl  brought  to 
the  confiflence  deflred. 

The  rationale  of  the  operation  I  believe  will  be  nearly  as  Explanatioa  of 
ibUowa :  copal  and  camphor  have  fo  firong  an  affinity  for  each  ^^  P^^^^^  i 
other,  that  when  feparately  powdered  and  then  rubbed  toge- 
ther, the  copal  abforbs  the  camphor,  fwells,  foftens,  and  be« 
WBts  QOM  coherent  mafs;  nor  when  once  united  do  they  eafily 

feparate 
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f«pAra(e  again  *.  When  Uie  camphor  is  diilblved  in  the  fpirity 
Ihe  finan  biu  of  copal  thrown  into  it  and  inQantly  made  lo  boil, 
the  motion  of  ebullition  keeps  the  camphor  fufpendedf  moves 
the  copal  about  in  the  fpirits^  the  farface  of  each  bit  of  copal 
is  diflblved,  and  the  whole  of  it  foftened  and  enlarged,  and  bjr 
•— tnd  why  Mr.  jcontinual  boiling  may  be  diflblved ;  bat  qny  friend  did  not  pro- 
S/t  friend  failed,  ^eed  in  this  way ;  he  reduced  his  copal  to  a  very  fine  powder, 
thinking,  perhaps,  that  would  facilitate  the  folution  ;  he  then 
^  added  the  c&mphor,  diHTolved  in  the  fpirit  of  torpentinef  but 
fearful  of  giving  too  much  heatf  fet  it  by  the  fide  of  hit  fire 
till  it  was  warmedi  then  moved  it  into  a  warmer  place,  and 
at  lad  made  it  boil ;  the  confequence  was  that  the  camphor  i  left 
the  fpirit  and  united  with  the  copal  to  form  one  folid  coherent 
maft  ajt  the  bottom  of  the  veflel ;  the  thicknefs  of  this  ma(s 
prevented  the  heat  from  penetrating  to  the  fpirit  fo  foon  as  it 
otherwife  would  have  done ;  and,  when  at  laft  it  did  boil,  the 
camphor  had  entirely  left  it,  and  of  courfe  it  was  impoifible 
that  any  folution  (hould  take  place. 

Three  times  was  the  folution  attempted  in  this  manner,  but 
when  on  a  fourth  trial  by  myfelf  a  fufficient  quantity  of  cam- 
phor was  added  and  the  boiling  heat  immediately  applied,  the 
folution  went  on,  but  not  fo  favourably  as  in  my  other  attempt, 
becaufe  the  copal  was  united  into  one  mafs  at  the  bottom  of 
the  velfel,  and  no  more  could  be  expofed  to  the  adion  of  the 
folvent  than  the  furface ;  but,  in  the  other  experiment  the 
copal  was  broke  into  very  froall  bits  and  the  furface  of  each 
expofed  to  the  full  adlion  of  the  folvent ;  of  courfe  a  greater 
quantity  was  ditTolved  in  the  fame  fpace  of  time. 
Theinftanceof      Had  this  gentleman  been  falisfied  with  the  experiment  he 
failure  here        ji^j^j  j^y  hirafelf,  he  might  have  reported,  from  his  own  expe- 
have  been  urged  rience,  that  copal  could  not  be  dilTolved  by  the  procefs  I  had 
againft  the  defcribed  ;  and  yet  in  point  of  fad,  nothing  could  have  been 

more  untrue :  from  this  it  may  be  fairly  deduced  Uiat  when 
.perfons  who  are  unufed  to.fuch  experiments  do  undertake  them 
they  (hould  be  fcsupuloufly  cxaft  in  following  the  dirediont 

*  Six  months  ago  I  reduced  fome  copal  to  this  date;  it  has  re- 
mained ever  fmce  expofed  to  the  open  air  in  a  hot  room,  and  ftill  re- 
mains foft,  the  particles  adhering  to  each  other. 

+  When  the  fpirit  of  turpentine  was  poored  off  from  the  copal, 

It  was  perfe6(ly  coJourlefs,  and  by  the  fmtli  did  not  in  Ae  Icaft  i«- 

dicatt  the  prcience  of  camphor* 

^ivea 
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gi¥Cii  to  thern^  and  oo  any  apparent  failure,  reCori  to  tbofe 
"wkofe  vxperieoce  may  enable  them  io  deted  any  fallacy  there 
may  be  in  the  proceeding. 

As  it  if  well  known  that  folution  of  copal  is  the  moft  valu-  Remarkt  and 
•Ue  of  tliofe  varniflies  which  can  be  afed  for  the  finer  works  of^^^'^^*. 
mrt,  and  as  it  is  proved  that  by  the  procefs  I  have  defcribed, 
thefe  folutions  may  be  eafiiy  made  by  any  one  in  aknoft  any 
fitiiation,  it  only  remains  to  mention  fome  cautions  which  are 
Beceflary  to  enTiire  fuccefs. 

Firfi,  That  the  fpirit  and  camphor  (hould  be  united  before 
the  copal  is  added. 

Secondly,  That  the  copal  fhould  be  grQfsly  powdered  before 
it  it  added  to  the  fpirit,  the  whole  fliould  then  be  made  to  boil 
as  ^uickfy  aspoftbU,  but  not  viokmly,  and  that  ebullition  (hould 
be  kept  up  regularly  till  the  folution  be  compleat. 

There  feems  to  be  no  difadvantage  in  ufing  too  much  cam-  EflTeat  of  an 
phor  if  it  (hould  fo  happen ;  but  it  w  difadvantageous  to  put  ^'^^^^ 
in  too  iittU  copal;  becaufe  a  certain  quantity  of  fpirit  willofcopaL 
take  «p  a  given  quantity  of  copal;  and  if  more  is  added  than 
wili  be  diifolved,  the  fuperabundant  copal  will  abftrad  more 
camphor  from  the  liquid,  and  thus  render  the  folution  more 
tedious  and  difficult,  and  fometimesi  perhaps,  entirely  pre- 
vent it.  .  ' 

The  advantage  that  attends  the  ufe  of  glafs  veflels  is  that  the  Glafs  tefleli  and 
foiation  may  be  feen  all  the  time  it  is  going  on ;  the  difadvan-*****^*  *lj"*'*' 
tage  is  that  perfons  who  are  not  accuQomed  to  fuch  purfuits^ 
Biay  inadvertently  give  too  much  heat,  and  thus  fubje^  them* 
felves to ferious  accidents;  but  by  uling  veflels  of  metal  with 
the  precautions  I  have  given,  no  accident  can  happen ;  the 
only  difadvantage  is  that  they  cannot  fee  what  they  are  doing ; 
this  is  of  fmall  confeqoence,  as  it  may  always  be  determined 
with  fufficient  accuracy  by  the  ear  whether  the  fpirit  boils,  and 
to  what  degree  ;  and  as  no  accident  can  happen,  without  very 
gFofs  negled,  from  the  ufe  of  them,  they  certainly  (hould  be 
preferred. 

As  I  have  written  more  thaa  I  at  (irft  intended,  I  (hall  con-  ConcIaiioOi 
dude  with  a  requeft  that  you  will  ufe  your  difcretion  in  omit- 
ting any  part  or  reje^ing  the  whole  of  what  I  have  written, 
if  you  think  the  frablication  will  not  anfwer  any  ufeful  purpofe. 
I  fiuid  with  it  a  fmaU  quantity  of  oopal  diiTalvad  ia  alcohol,  and 

aimuiw 
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another  in  Tpirit  of  tarpentine^  which  will  enable  you  to  fathfy 
yourfelf  and  your  readers  whether  thefe  folations  dejtrvt  to  bt 
placed  in  the  clqfi  qf  vumi/ha,  and  remain 

Your  moft  obh'ged  fenranty 

T.  SHELDRAKE; 

No.  5,  MontaguC'Streei, 
RuJ/hUSquare. 


IV. 

Repfy  to  Mr.  Daltom,  on  the  Conftitution  of  Mixed  Gq/e$. 

By  Mr.  John  Gougu. 

To  Mr.  NICHOLSON. 
SIR,  Middleflurwt  Oa.  16,  ISOif. 

duneter  of      X  DID  not  attack  Mr.  Dalton^s  opinions  openly,  until  be  bad 


•JS*  ^****"*'*     invited  me  to  do  it ;  the  attempt  has  been  made  on  my  part 

purfuant  to  his  requeft ;  and  he  has  replied,  but  in  a  manner 
which  feems  better  calculated  to  amufe  the  fuperficial  reader, 
than  to  convince  the  reafoner :  For  he  treats  the  fubjed, 
fometimes  with  acrimony,  and  fometimes  with  ridicule;  in 
the  mean  time  his  arguments  are  but  few,  and  thefe  appear  to 
be  negligently  conducted.  A  bare  inrpe^lion  of  his  own  letter 
will  fupport  the  two  firft  charges,  and  I  will  now  enter  upon 
the  defence  of  the  third. 

Mr.  Dalton  begins  by  pronouncing  the  didindions  which  I 
make  betwixt  a  mechanical  hypothefis  and  theory,  to  be  nu- 
gatory; notwithdanding  the  caufes  of  thefe  difiin^tions  are 
fully  flated  in  my  Stridlures.  Now  controverfy  is  of  a  nature 
which  always  obliges  a  man  to  point  out  the  fallacy  or  futility 
of  his  opponent,  when  he  can  do  it  with  fuccefs ;  but  this  has 
been  negleded  by  Mr.  D.  in  relation  to  my  diflindions,  and  I 
leave  him  to  draw  the  inference  which  refults  from  thefe  ob- 
fervatjons. 
Mr.  D.*s  de.  Mr.  D.  proceeds,  in  the  next  place,  to  demondrate  the  fun- 

snonfbacion  re-  claroental  propofition  of  his  hypothefis;  namely,  the  mutual 
penetrability  of  gafes  which  do  not  attrad  nor  repel  each  other. 
For  this  purpofe  he  remarks^  that  oxigen  repels  oxigen,  but 

not 
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not  nsote.     This  aflHimption  is  fairly  allowed  to  be  a  poftulate 

hj  Mr.  Dalton ;  and  he  then  proceeds  to  obferve^  that  this 

being  admitted,  it  follows,  that  if  a  meafore  of  oxigen  be  put 

to  one  of  azote,  the  oxigen  finding  it,  viz.  the  azote,  porous, 

enters  its  pores,  and  vice  vcrjh,  &c.     But  here  a  fecond  and 

an  e(!ential  populate  i%  Q'\\y  introduced  into  the  ryllogifm,  un« 

der  the  form  of  tn  inference ;  becaufe  no  (lri6t  logician  will 

venture  to  fay  that  a  body.  A,  mofl  be  porous  of  necelfity, 

becaufe  it  repels  a  body  B ;  on  the  contrary  he  mufl  conclude, 

that  this  miilake  in  his  art  defiroys  the  demonftration,  and 

doe%  not  retrieve  the  do£)rine  from  the  imputation  of  being  an 

hypothefis.    The  fimile  of  the  philofopher,  cottager,  and  fieve,  Mr.  D.*s  fimito 

may  be  calculated  to  promote  ridicule,  but  it  is  badly  chofen  ;  *'**^**^ 

for  it  is  impoflible  to  demonflrate  the  propofed  problem  fruoi 

Euclid's  Elements,  becaufe  this  work  confines  its  IpeculkUions 

to  abdra^   figures  and  magnitudes*      But  a   mathematician 

might  d^mondrate  the  fame  to  a  brother  mathematician,  from 

the  elements  uf  the  mechanical  philofophy ;  and  he  ought  to 

have  his  demonftration  ready  upon  demand,  which  is  not  the 

cafe  of  Mr.  D.  in  the  inilance  of  his  fundamental  propo- 

fitioo. 

It  is  a  matter  of  fome  furprife^  that  Mr.  D.  has  drawn  bis  The  fecond  pof- 
demonftration  from  the  mutual  affedions  afcribed  by  him  to^^f^rlj'^ 
oxigen  and  azote;  feeing  I  had  profeflfedly  attempted  to  fliew  Y^ara&dair* 
the  fallacy  of  his  fecond  and  eifential  poftulate,  by  afcribing 
the  fame  affeflions  to  aqueous  vapour  and  the  permanent  gafes 
of  the  atmofpherc.     This  unfortunate  choice  obliges  my  oppo- 
nent to  be  content  with  a  didant  fide-view  of  the  arguments   \ 
which  have  been  brought  againfl  him  ;  whereas  a  (hidter  ob« 
fervance  of  the  path  *  chalked  out  for  him  in  my  S(ri61ures, 
would  have  given  him  an  opportunity  to  confront  them,  and 
defend  his  atmofphere  of  fleam.     The  thing  however  hat 
turned  out,  for  fome  reafon  or  other,  as  it  is  here  reprefented; 
and  Mr.  D.  arrives  very  briefly  at  the  following  fingular  con* 
clufion ;  that  though  the  demonftration  of  my  propufition  re- 
fpefting  air  and  vapour,  be  rigid,  the  previous  data  are  not 
corredly  afTumed.     Now  this  is  the  point  which  I  endeavoured 
to  eflablifh  in  the  propoiition  alluded  to  above ;  for  his  fecond 
j>oftulate  makes  one  of  the  incorreA  data ;  in  fa6t,  they  are  all 

*  Phil.  Jpum.  Vol.  DC.  Page  53. 
Vol.  IX.«-NovBifiBa»  ia04%  M  bit 
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bis  own  except  ihis :  IF  a  panicle  of  vapour  can  pafs  freely 
through  the'  air,  a  fecond  can  alfo  fucceed  it  at  any  given 
didance.      My  antagonid  will  certainly  grant  me  this  con- 
ceffion ;  becaufe  the  falvation  of  his  aqueous  atmofpliere  obliges 
him  not  to  fufpefl  it.     Should  this  indulgence  be  extended  (o 
my  Stridlures,  the  demondration  in  queflion  mud  be  re'Cxa- 
mined  with  greater  diligence  by  Mr.  Dalton ;  for  if  it  cannot 
be  refuted,  it  will  manifedly  do  away  his  atroofphere  of  free 
vapour,  by  proving  the  abfurdity  of  his  fecond  pofluiate  in  the 
cafe  of  air  and  water;  and  the  fame  obfervation  may  alfo  be 
extended  to  all  the  permanent  gafes  which  are  not  abforbed  by 
water ;  becaufe  no  fluid  of  this  defcription  forces  water  to  pafs 
through  its  pores  by  preffing  upon  it. 
The  ufe  of  the       After  all|  if  we  may  judge  from  Mr.  Dalton's  reply,  he  ap- 
contempiative     pears  not  to  comprehend  my  arguments  on  this  fubjecl :  they 
have  however  nothing  of  novelty  in  thcni ;  for  the  bed  rea« 
foners  in  all  ages  have  not  hefitated  to  admit  a  hypothecs  is  for 
the  fole  purpofe  of  difcovering  its  worth,  by  comparing  the 
confequenccs  refulling  from  it  with  known  fisidls.     This  kind 
of  argumentation  was  in  great  edcem  with  the  Greek  mathe- 
maticians, and  Pappus  of  Alexandria  has  defcribed  and  re* 
commended  this  fpecies  of  logic  under  the  name  of  the  con- 
templative analyds. 
Fa&s  oppofing         Mr.  Dalton  fays,  he  is  acquainted  with  no  fadls  that  con- 
the  ypo   e  t.    j^j^jj^  ^1,^^^  j  ^j^\\  j^j^  experimental  probabilities.     I  can  fur- 
nidi  him  with  one  to  which  perhaps  he  is  a  dranger,  and  re- 
mind him  of  another,  which  he  will  not  difpute  :  it  will  there, 
fore  be  his  bufmefs  to  reconcile  them  to  the  hypothcds  of  an 
aqueous  atmofphere. 
An  experiment       Firji,  Mr.  KLrwan,  in  the  courfe  of  his  datical  experiments 
y  MT,  r^iTViui,^^  ^jj.^  condantly  found  a  given  bulk  of  it  to  be  lighter,  catgfis 
paribus,  when  De  SauflTure's  hygrometer  was  at  90**,    than 
when  the  atmofphere  was  lefs  humid.      Now  according  to 
Mr.  D.'s  hypollicfis,  all  the  permanent  gafes,  of  this  given 
bulk,  had   the  fame  weight  both  in  the  dry  and  moid  date  of 
Uie  air ;  becaufe  they  were  of  the  fame  deniity  on  account  of 
the  cattris  pai  ibus  :  but  the  aqueous  vapour  was  mod  abun- 
dant when  the  weight  of  the  aggregate  was  lead  ;  that  is,  the 
weight  of  vapour  diminidies,  while  its  dendty  increafes.    Will 
Mr,  D.  admit  the  truth  of  the  preceding  conclufion,  to  the 
detriment  of  his  own  dodlrine ;  or  will  he  refute  the  infer- 
ence, by  denying  tlie  fadl? 

4  Second, 
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Second,  If  the  latter  alternative  (hottid  be  preferredi  the  '^n  ezperjmeat 
following   experiment,    wilh   which  Mr.  D.  is  already  »c-J2ttie;"" 
quainted,  remains  to  be  explained  by  the  principles  of  his 
hypothecs,  due  attention  "being  at  the  fame  time  paid  to  th« 
axioms  of  Dynamics. 

A  rooifl  bottle,   which  I  hiid  foand  would  contain  7794 
grains  of  water  of  the  temperature  of  59^,    was  placed  in 
water  heated  to  126^,  having  its  mouth  elevated  about  two 
inches  above  the  furface.     This  aperture  was  covered  by  mv 
band  ;  which  was  occafionally  removed  for  an  inttanty  that  the 
warm  air  might  efcape.     At  the  end  of  two  minutes  the  bottle 
was  inverted  in  cold  water,  the  mouth  of  it  being  firft  fecured 
In  the  manner  defcribed  above ;  in  which  fituation  the  teal* 
perature  of  it  wa«  again  reduced  to  59^.     The  air  remaining 
in  it  after  refrigeration,  occupied  6172  of  the  7794  parts  con-^ 
fiituting  the  capacity  of  the  bottle.     From  this  fad  I  infer^ 
that  6172  parts  of  air  of  59^,  will  occupy  7794  fuch  parts 
after  being  raifed  to  126^  in  contad  with  moifl  glafs.     But 
6172  parts  of  dry  air  of  59^,  will  only  occupy  6992.C6  parts^ 
after  being  heated  to  126^  in  a  dry  tube:  Thus  it  appears 
that  the  prefence  of  water  augmented  the  bulk  of  the  air 
which  I  ufed;  how  is  this  difficulty  to  be  explained?  We 
have  no  ftopple  of  mercury  in  this  experiment,  by  help  of 
which  Mr.  D«  explains  the  appearances  of  the  manometer  | 
confequently,  as  nothing  was  in  the  way  to  prevent  the  free 
egrefs  of  the  vapour,   it  expanded  itfelf  in  the  bottle,  and 
aded  on  the  air  contained  in  the  fame,  juft  as  it  does  in  the 
atmofphere.     But  it  increafed  the  bulk  oi  this  air,  which  could 
not  be  effedied  on  Mr.  D.'s  principles,  otherwife  than  by  dtf* 
tending  the  pores  of  it.     Now  his  own  tables  of  the  force  of 
vapour  will  Qiew  this  to  be  im practicable,  if  there  be  any  truth 
in  the  axioms  of  Dynamics.     On  the  contrary,  nothing  oc- 
curs in  the  two  lad  experiments  repugnant  to  chemical  union ; 
and  as  water  makes  a  part  of  the  atmofphere,  it  mud  be  at* 
tacbed  to  air  by  the  mediation  of  affinity. 

I  have  now  done  fomething  more  than  anfwer  all  Mr.  Recapitals^ioM 
Dalton's  objeflions :  the  demonftration  of  his  fundamental 
propofition  has  been  (hewn  to  be  no  demonliratioQ  at  all ;  his 
fecond  poftulate  has  been  proved  to  be  falfe,  by  his  owD  data, 
in  the  cafe  of  air  and  vapour ;  laftly,  two  fa£l^  liave  been 
advanced  which  are  inexplicable   by  my  opponent's  prio- 

M2  aples: 
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ctplet :  Aftar  peruJBng  tliefe  obje^ioni,  can  he  blame  me  for 
rejedling  his  hypothefit.  As  for  Mr.  D.'s  remarks  on  my 
theory  of  mixed  gafes*  they  require  no  anfwer ;  becaofe  he 
^profeiles  not  to  under (lanil  iL  T  am  willing,  however,  to 
fubmit  the  merits  of  it,  as  well  as  its  claim  to  ihe  title  of  a 
^^heory,  to  thofe  mechanical  philofophers  who  happen  to  com- 
prehend it. 

JOHN   GOUGH. 
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0»  tha  apparent  Size  qf  the  horizontal  Moon^    In  a  Letter  from 

Mr,  EzEKiBi.  Walker. 

To  Mr.  NICHOLSON. 

DEAR    SIR, 

Eabsted  appear--  W  HEN  the  full  moon  is  juft  rifing  above  a  clear  horizon, 

ance  of  the  ho-  .fl,^  jg  ^^  objea.that  picafes  every  eye  :   But  at  the  fame  t^me 
nxontal  moon*  j  r  j     j 

that  (he  pleafes  the  eye  of  the  phtlofopher,  fhe  embarraflfes  hift 

reafon,  to  aflign  the  cau(e  of  her  apparent  magnitude's  being 
fo  much  greater  near  the  horizon,  than  at  higher  elevations^ 
Attempts  to  ac-  When  men  in  former  ages  began  to  reafon  on  this  pbenomc- 
countforit.  ^^j,^  Ij^^y  imagined  that  the  angle  fubtended  by  the  moon,  was 
Teally  increafed,  by  a  refraction  of  her  rays,  in  pafling  through 
the  vapours  contained  in  the  air,  near  the  earth's  furface.  But 
when  it  became  known  that  (he  fubtended  the  leaf}  angle  at  the 
eye,  when  her  apparent  magnitude  wasgreateft,  philofophers  faid 
that  the  eye  was  impofed  upon  by  the  long  feries  of  objects 
intcrpofed  between  the  eye  and  the  extremity  of  the  fenfible 
horizon.  And  after  it  was  difcovered  that  tlie  fame  pheno- 
menon  was  obferved  at  fea,  where  no  kind  objects  could  be 
feen,  they  blamed  the  clouds  for  deceiving  them ;  and  when 
the  clouds  flew  away,  the  fpirit  of  inquiry  flew  after  them, 
to  feck  for  information  in  the  apparent  concavity  of  the  (ky. 

Such  were  the  erroneous  opinions  maintained  by  men  of  the 
greateft  celebrity,  both  in  ancient  and  in  modern  times.  To 
inention  any  more  of  them  would  be  ufelcfs  labour :  a  {ingle 
<]uotation  from  Dr.  Smith's  Optics  will,  1  prcfume,  be  quite 
fiifficient  to  fliow  how  little  was  known  of  this  matter  at  the 
time  when  ha  wrote. 

-  -  ■  After 
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After  (he  ProfeflTor  had  fini(hed  his  celeftial  explaaation  6f 
this  phenomenon,  he  juftly  acknowrledges  that^  at  difierent 
times  the  moon  appears  of  very  different  magnitudes,  even  in 
the  lame  horizon,  and  occafionally  of  an  extraordinary  large 
fixe,  which  he  is  not  able  to  give  a  fati^^fa^ory  explanation  of. 
StMith's  Optics,  Vol.  I.  pa.  63,  &c.    Remarki,  pa.  55. 

It  is  really  adontfliing,  that  this  phenomenon  (hould  have  re>  BzpUuutioB of. 
maioed  fo  long  without  an  explanation  founded  on  a  belter  prin-  Ii^fi^i^ftJ-r5j. 
ciple  than  that  of  mere  opinion.     Tliat  the  dimen6ons  of  the  images  on  the 
pupil  of  the  eye  alter  by  the  ftirauhis  of  lighf,  has  long  been  JJ^^^^'JT** 
known;  but  I  believe  it  flill  remains  to  be  proved^  that  thcpupU. 
picture  of  the  moon  formed  upon  the  retina  is  not  permanent, 
but  varies  as  the  diracntions  of  the  pupil  vary.     The  following 
experiments  will,  I  hope,  remove  every  doubt  refpeding  this 
law  of  vifion. 

To  imitate  the  eye  upon  a  large  fcale,  I  took  an  achromatic  Erperiaeat. 

lens  of  1.6  inches  in  diameter,  and  17  inches  focal  didance,  to   u^^^^ 

reprefent  the  cryflalline  humour.     This  I  fixed  upon  a  fland  in  achromadc  lent, 

a  perpendicular  direction,  with  a  moveable  white  fcreen  be- ""^  ^**''*  "'•'" 
t'l^ri  t     •  ri'ii         ••     tufti  were  pro* 

hmd  fl  for  the  retina,  to  receive  the  image  of  a  lighted  candle,  ^ide^. 

which  flood  before  it,  at  the  diftance  of  40  inches.     To  imitate 

the  pupil,  I  took  three  cards,  and  numbered  them  1,  2,  and  5, 

In  No.  1,  I  made  a  circular  hole  half  an  inch  in  diameter,  in' 

Xo.  2  a  hole  of  -j'^  of  an  inch,  and  in  No,  3,  a  hole  of  -f^ 

of  an  inch. 

After  I  had  moved  the  fcreen  until  the  image  of  the  candle-Focal  image  by 
appeared  diftinaiy  upon  it,  I  found  that  the  length  of  this  ^^^^1^^ 
luminous  pidure  meafured  1.82  inches.  jong. 

When  the  card  No.  1,  was  applied  clofc  to  the  lens,  with  Half  an  inch 
the  centre  of  the  hole  againft  the  centre  of  the  lens,  the  in-'fP^^'^**^^*" 
verted  image  of  liic  flame  of  the  candle,  upon  the  fcreen,  inch, 
meafured  1 .4^  inches. 

When  the  card  No  2,  was  applied  to  (he  lens,  in  the  fame  Three  tenths 
manner  as    No.  1,   the  image  of  the  flame   meafured   1,3  «>▼«  x^S  i"ch. 
inches 

And  with  No  3,  the  picture  of  the  flame  meafured  only  1.2  Two  tenths  gavr 
inches.  '•*  "^ 

Thefe  experiments  (liow  us,  in  the  cleared  manner,  thecaufe  AppUcatioaof 

of  that  variation  which  obtains  in  the  apparent  magnitude!  of  ^Hif*****"""^ 

'  '  ^  to  the  moon  ana 

objeAs.  other  obje^s. 

That 
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*  That  the  pupil  contrads  as  the  quantity  of  light  which  (aiU 
9ipon  the  eye  increafes,  it  well  known. 

And  that  the  magnitude  of  the  pidure  of  ^,  luminooi  objed 
iiiN)n  the  retina,  decreafes  at  the  pupil  contradsy  is  evident 
fijom  the  experiment!. 

Therefore,  the  magnitude  of  the  pi61ure  upon  the  retina^^ 
decreafet,  at  the  quantity  qf  light  falling  upon  th6  eye  in* 
creafes. 

Hence  the  apparent  magnitude  of  the  moon  is  greateft  at  tbo 
horizon,  and  decreafet  as  (he  afcendt ;  for  the  magnitude  of 
her  pidure  upon  the  retina  u  inverfely  as  the  quantity  of  light 
which  (he  gives  us. 
M  to  the  ftuu  The  fun  appears  larger  at  (he  horizon  than  at  higher  altitudes, 
fpr  the  fame  reafon ;  and  terretirial  objcds  fecn  through  a  miH; 
appear  larger  than  in  a  clear  day,  in  confcquence  of  the  fame 
operation  of  the  eye. 

I  am.  Dear  Sir, 

With  much  refpedl. 

Your  hi^mble  Servant, 

E.  WALKER. 
Lynn,  OSt,  13,  1804. 
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Defiription  qf  the  Ship  Ecanomj/f  200  Tons  Meafurement,  huiU 
on  the  improved  Conjiru&ion  of  Mr.  J.  "^,  Boswell.  * 

i>  HE.  plan  adopted  in  the  formation  of  this  (hip  is  that  dedgn- 
ed  for  large  (hips  of  ^00  tons  and  upwards,  and  tlie  third  men- 
tioned in  my  fpecification  f. 

Its  external  appearance  is  nearly  the  fame  as  that  of  any  other 

veifel  of  the  (ize,  and  the  outward  planking  done  in  the  ufual 

manner.    It  is  the  internal  con(lru£tion  alone  to  which  the  patent 

relates,  and  that  is  as  follows  : 

Defcrip6onof  a       The  bcft  general  idea  of  it  will  be  obtained  by  conceiving  a 

vcflel  fnxa^  in  y^(^Q\  built  with  timbers,  or  ribs,  much  fmaiier  tlian  ufuaJ.  with 
t  new  flaetDoo* 

*  For  which  he  has  a  patent. 

t  Sec  Volt  II.  Second  Scries,  p.  81,  of  Repertory  of  Arts. 

an 
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sn  internal  framing,  fo  contrived  as  to  give  every  reqaiiitcfup-  Defcriptio*  oft 
port  and  ftrength  both  to  them  and  the  entire  veflcl,  with  ^^^^^  method." 
the  leaft  timber,  and  of  the  cheapetl  form,  and  without  any 
knee-timber. 

The  floor-timbers  are  molded  feven  inches,  and  (ided  (ix : 
thefe,  with  foar  futtoclcs  and  two  top  timbers  at  each  fide, 
form  what  is  caHed  a  frame  of  timber^.  Thofc  fmall  timbers 
are  laid  down  fo  that  their  terminations  all  fall  out  in  fair  lines, 
which  are  nearly  the  fame  as  the  ribband  lines  when  below  the 
wales.  Along  thofe  Knes  infide  are  laid  fore  and  aflt  ribs,  from 
ftem  to  (lern  pod,  fo  as  to  fupport  the  extremity  of  every  one  ^ 
of  the  fmall  ribs  in  the  Qiip.  The  fore  and  aft  ribs  are  fix  in 
number  at  each  fide;  one  diredly  under  the  water  ways,  an- 
other at  the  level  of  the  lower  beams,  and  the  other  four  placed 
nearly  at  equal  diflances  between  thefe  lafl  and  the  kelfon :  each 
pair  uniting  in  a  breaft-hook  at  the  (lem. 

The  pieces  of  timber  which  form  thefe  fore  and  afl  ribs  are 
fcarfed  at  their  extremities  with  hook  fcarfs,  and  fo  placed  that 
the  (barfs  fall  out  in  fair  vertical  fedtions  of  the  fhip,  where 
they  are  fupported,  and  firmly  bolted  to  tranfverfe  framings, 
contrived  fo  as  to  unite  the  greateft  Hrength  with  the  lealt  ob- 
Urudlion,  and  which  are  five  in  number  in  the  whole  (hip. 

Thofe  tranfverfe  framings  lafl  mentioned  mufi  be  confidered 
as  the  great  fupport  of  the  veffel,  and  the  foundations,  as  it 
were,  on  which  all  the  other  parts  refl,  as  the  t)eam8  of  a 
wooden  bridge  are  fupported  by  the  piers.  Thofe  tranfverfe 
framings  are  each  formed  by  one  upper  and  one  lower  beam, 
two  pair  of  fultocks,  a  floor  timber,  two  pair  of  top  timbers, 
and  four  bracing  pieces ;  the  whole  connected  into  one  firi^ 
firaming,  felf-fupported,  inde))endent  of  any  other  part. 

The  four  bracing  pieces  form  each  framing  into  a  fet  of  tri*  Tiie  leading 
angular  compartments :   which   triangular  framing  gives  the  principle  it  that 
greateft  flability  poffible,  as  a  triangular  frame  cannot  be  made  ^II^S^^ 
to  give  in,  or  alter  its  figure,  by  any  force  which  is  not  fuffi-  vvy* 
cient  to  tear  its  conne£ling  parts  through  the  timber  of  which  it 
is  compofed  ;  a  property  which  no  other  figure  poffeffes. 
.  Thefe  tranverfe  framings  (befides  fupporting  the  fore  and  aft 
ribs,  and  by  them  the  fmall  vertical  timbers)  tie  and  unite  the 
veiTel  together  acrofs  fhip,  fo  as  to  give  much  greater  flrength 
than  hanging-knees,  whofe  place  they  fupply,  at  a  much 
cheaper  rate, 

Th« 
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The  framing  of  the  deck  is  alfo  divided  into  triangular  com* 
partments,  as  fpecified  in  my  patent^  as  to  preclude  the  uCit 
of  lodging-knees  entirely ;  which  compartments  are  formed  by 
fix  pieces  of  timber,  which  proceed  obliquely  at  each  fide»  from 
the  top  of  each  beam  to  the  fore  and  aft  rib  next  adjoining,  into 
which  they  are  dovetailed  and  bolted ;  long  carlings  from  beam 
to  beam,  at  each  fide  of  the  hatchway  s^  with  thefe  pieeea, 
fupport  fmall  ledges,  on  which  the  deck  is  laid  in  the  ufual 
manner. 

The  vcflfel  in  coming  round  from  Southampton  water  failed 
remarkably  fad,  and  Hayed  and  (leered  admirably  well. 


AdTtBtages  of 
tbe  method: 


In  price  of  tim- 


ufe  of  iWter 
piocesy  lee.} 


knees  faper- 
tededs 


Advanti^a  of  this  Method  of  framing  Skips. 

1(1.  Timber  of  lefs  than  one  fourth  of  the  ufual  girth  can  he 
ufed,  in  thii;  method,  in  conftruding  large  veiTel.s  for  nearly  four* 
fifths  of  their  frames. 

This  will  be  a  diredl  faving  in  the  difference  of  price  of  froall 
timber  and  large  for  the  quantity  ufed ;  for  large  veifels  this 
will  be  confiderable,  and,  according  to  tlie  prefent  contraA 
prices  for  naval  timber,  not  lefs  than  from  two  to  four  pounds 
per  load.    Befides  this,  it  is  a  great  national  benefit  in  another 
point ;  for,  by  this  means,  timber  of  half  the  number  of  years 
growth,  or  lefs,  can  be  ufcd  for  naval  purpofes ;  and  thus  forty 
or  fifty  years,  or  even  lefs,  be  fufiicient  to  produce  timber  fit 
for  the  navy,  infiead  of  the  vad  period  of  near  a  century,  now 
neceflfary  ;  by  which  the  land  will  not  only  produce  a  double 
crop  in  the  fame  time,  fit  for  this  purpofe,  but  all  danger  be 
removed  of  there  being  a  ftoppage  of  building,  for  want  of  a 
fiipply  of  timber,  at  any  future  period ;  an  event  extremely 
probable  to  take  place,  from  the  increafing  difficulty  of  getting 
tlie  large  kind  uied  at  prefent  in  the  Royal  Dock  Yards.' 

2d,  Much  (horter  timber  may,  in  forming  the  futtocks,  be 
ufed,  without  any  danger  of  weakening  the  (hip,  on  account 
of  the  great  fupport  given  to  them  by  the  fore  and  aft  riba,  and 
other  internal  framing,  before  defcribed. 

The  advantage  of  this  is,  that  it  renders  the  compafs  timber 
furfuttockseafier  to  be  procured,  and  prevents  any  neceflity  of 
ufing  any  timber  cut  acrofs  the  grain. 

3d.  The  ufe  of  knees  of  every  kind  is  fuperfed^d  by  thit 

mode  of  building,  as  the  triangular  framing  of  the  decks  gives 

5  aU 
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att  th«  dTecl  of  lodpnf|r.1chee!i,  and  that  of  tb«  tnmfveffe 
fimmes  mora  than  ftfpplies  the  fupport  given  bj  hanging* 
kii€e9« 

Tbif  would  occafion  a  confiderable  favlng  in  large  vefMt, 
tm  aocoont  of  the  great  price  of  knee-timber  fit  for  them; 
which,  for  thail  of  30  feet  meeting,  is  near  ten  pound  per  load 
and  for  the  froalieft  kind,  taken  at  the  dock-yard,  not  left  than 
8/.  1 5s. 

4th.  Plank  of  half  the  ufual  thicknefs  may  be  ufed  for  lining ;  thiaaer  pltiik* 
the  great  fupport  given  by  the  fore  and  aft  ribs  rendering  any  ^^ 
o(e  of  infide  plank,  to  (!rengthen  the  veflel,  needlefs,  and  con- 
fining its  purpofe  merely  to  prevent  baUafl,  or  other  matters,  * 
firom  getting  between  the  timbers,  fo  as  to  reft  on  the  outfide 
plank. 

This  will  alfo  caufe  a  faving  of  confequence  in  large  veflels ; 
pknk  of  all  kinds,  but  particularly  that  of  great  thicknefs^ 
being  the  next  deared  article  to  knee*timber. 

-  5th.  It  is  probable  a  much  lefs  quantity  of  Irmber  might  be  lel«  quantity  af* 
afed  with  fafety  in  this  method,  on  account  of  the  great  flrength  "'■*''**•> 
prodaced  for  the  timber  ufed,     1  ft.  By  the  triangular  framing. 
2d.  By  every  timber  having  a  (olid  fupport  at  each  extremity. 
3d.  By  the  increafe  of  thicknefs  from  in  to  out  all  along  the 
fore  and  aft  ribs,  being  very  great  in  proportion  to  the  tim- 
ber ofed. 

6th.  It  b  probable,  vcffels  built  in  this  method  will  lafl  durability, 
many  years  longer  before  decay ;  becanf<$  the  ufe  of  fmalf 
timber  admits  of  a  kind  more  fpiny  and  durable  than  the  large, 
which  is  often  dolird,  and  never  lafts  fo  long;  and  alfo  becaule 
this  conftmdion  admits  of  a  free  circulation  of  air  among  the 
timbers,  than  which  nothing  is  known  to  contribute  fo  much  to 
their  preferration.  It  is  moreover  conceived,  that  the  timbers 
being  prevented  from  working  by  the  folid  fupport  each  has  at 
its  extremities^  will  caufe  the  veifel  to  wear  leUf  and  at  the 
fame  time  render  it  (afer,  by  diminilhing  the  danger  of  ftarting 
planks,  or  other  wife  caufing  bad  leaks. 

7th.  The  timber  of  confiderable  (jze  ufed  in  this  method  is 
almoft  all  nearly  ftraight,  or  of  very  little  curvature,  on  account 
of  its  running  fore  and  aft. 

This  kind  is  much  eaiier  to  procure  than  large  compafs 
timber* 

«th« 
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%fh.  Sborl*top  timber  mnd  coarfe  butts  can  be  worked  up 
to  advantage,  inHead  of  being  fold  for  left  than  half  coft, 
or  burned ;  as  this  kind  will  do  fufHciently  well  for  the 
number  of  ihort  ledges  in  the  deck  frames,  and  to  fupport 
the  lining  at  the  floor*  which  are  wanted  in  this  mode  of 
boUdingr 

9th.  Veffels  built  in  this  manner  will  not  be  fo  liable  as 
others  to  hog,  or  have  their  backs  broken,  on  account  of 
the  great  flrength  length«ways,  caufed  by  the  fore  and  aft 
'  ribs. 

lOlh.  Veflfels  fo  built  will  be  drier,  from  the  circulation  of 
air  before  mentioned,  and  having  the  floor-lining  detached  from 
tbe  timbers;  which  quality  renders  this  conflrudtion  parti- 
cularly valuable  for  the  fliips  ufed  in  the  £a(l  and  Wefl  India 
trade. 

The  advantages  above  recited  relate  to  veflfeh  entirely  form* 
ed  in  this  manner.  It  fliould  be  known  alfo,  that  parts  of  this 
plan  may  be  applied  with  profit.  The  mode  of  framing  the 
decks,  for  inflance,  might  be  ufed  to  fave  lodging-knees  in 
vcflels  built  in  other  refpe6b  in  the  ufual  mode.  Other  parts 
of  it  might  be  applied  to  the  flrengthening  old  veflels,  which,  by 
this  meansi  might  be  made  to  laft  many  years,  after  they  would 
otherwife  have  been  unferviceable. 

The  principles  of  this  method  of  building  are  capable  of 
being  extended  ftill  further  than  they  are  in  the  veflel  here  de- 
fcribed :  the  triangular  framing  may  be  even  adopted  to  the 
conflru^ion  of  fore  and  af^  ribs,  fo  that  thefe  could  alfo 
be  conflru6led  of  fmall  timber,  if  required.  Thus,  by  this 
means,  the  former  barrier  to  the  increafe  of  flze  in  fliips  is  re- 
moved, as  it  no  longer  now  depends  on  the  fize  of  timber  • 
and  fliips  of  any  dimenflons  required  may  be  formed,  of  any 
Qrength  requifite,  of  fmall  timber. 

J.  W.  BOSWELL. 


Concluding 
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vn. 

Concb^ng  Remarki  on  the  Cotnputation  of  Tables  of  Squara 
and  Cubes,     In  a  Letter  from  £.  O. 

To  Mr.  NICHOLSON. 
SIR, 

X  AM  forry  to  trouble  you  again  on  a  fubjedt  which  I  fearOntheflompv* 
can  afford  but  little  interefl  to  the  generality  of  your  readers;  myTrobCT,    "** 
bat  I  rouft  requefl  the   admiffion  of  a  few  remarks  upon 
the  letter  which   you  pubiifl:)ed  in   your  lad  number  from 
H.G. 

Your  correfpondent  is  certainly  raiftaken  when  he  aflerts 
that  our  methods  of  calculating  fquares  are  "  precifely  the 
fame  i'*  Both,  indeed,  are  derived  from  the  principles  of  the 
binomial  theorem ;  but  I  conceive  that  there  is  a  material 
<iifference  in  our  manners  of  applying  thofe  principles  to  prac- 
tice. '  As  we  find  the  fquare  of  the  given  number  by  adding  a 
certain  quantity  to  the  known  fquare  of  the  number  next  be- 
loytr  it,  it  follows,  that  in  both  methods  the  quantity  fo  added 
muft  be  the  fame  ;  but  there  is  a  confiderable  difference  in  the 
operations  by  which  we  find  this  number :  I  do  it  by  the  re- 
peated addition  of  the  fmall  number  2,  whereas  H.  G.  finds 
the  fame  quantity  by  the  repeated  doubling  of  a  number, 
Dfhich  is  confiantly  changing,  and  may  poflibly  confifl  of  many 
figures.  To  fhew  the  difference  more  clearly,  I  will  calculate 
feveral  fquares  according  to  the  direAion  given  in  P.  150, 
Vol.  VIII.  and  I  will  take  for  my  example  the  fame  which  I 
have  taken  in  P.  6,  Vol.  IX.  that  your  readers  may  the  more 
ealily  form  the  comparifon  for  them felves. 

23261  28262 

2  2 


56522  =  2.28261         56524  =  2.28262 


798684.121  =   2826  iV    798740644  =   28262^ " 
1  1 


798740644  =   28262>    798797169  =   28265\  * 

2826$ 


On  hm  compii** 
tttian  of  fqwBCs 


1-^ 


28263 
2 

2.28263 

28264. 
2 

56526  xs 

56528  =  2.28264. 

798797169  ses 
1 

28263)  * 

798853696  ss   28264^^ 
1 

79885 S696  ss 

282641* 

798910225  =s   282o5> 

Perhaps  it  may  be  objected  to  my  flatement,  that  the  calcu. 
Iftlor  would  be  aware  that  28264.2  =:  28263 . 2  +  2  =:  28262 
•  2  -{-  4,  &c.  or  that  he  maft  foon  difcover  this  law  of  conti- 
nii&lion ;  and  thererore»  that  he  would  not  proceed  in  every 
inftance  to  the  aflual  multiplication  of  the  root  by  2.  Such 
an  objeflion,  however,  will  avail  nothing  againft  my  argu<^ 
n>enty  for  in  that  cafe  he  will  no  longer  work  by  the  rule 
given  by  H.  G.  in  P.  150,  Vol.  VIII.;  but  if  he  proceeds  to 
find  the  .difference  by  additions  he  muft  virtually  parfue  the 
method  which  I  recommend :  the  only  difference  wiH  he,  that 
the  pradice  of  calculalion  will  have  fuggefted  to  him  an  im«> 
provemeat  which  he  might  have  originally  derived  from  firft 
principles. 

.  I  ihall  not  enter  into  the  qoeftion,  whether  addition  is,  or 
19  not,  a  iimpler  procefs  than  fubtra^ion.  The  prefent  quef. 
lion  may  be  decided  independently  of  it.  For  granting  that 
there  is  no  reafon  to  prefer  one  to  the  other,  yet  the  two  me.* 
thods  by  which  we  find  the  firft  differences  of  the  cubes, 
might  be  fairly  put  to  iffue  upon  the  number  of  figures  ufed  in 
each.  To  find  them'  according  to  the  method  recommended 
by  II.  G.  in  p.  150,  Vol.  VIIL  we  muff  fubtrad  the  whole 
of  one  cube  from  the  whole  of  the  other  ;  whereas  I  find  them 
by  lira  conffant  addition  of  the  fecond  diff^erences,  which  muff 
neceflarily  be  much  fmaller  numbers.  Thus  to  find  the  firft^ 
difference  between  the  cubes  of  26561  and  26560  : 

According  to  H.  G.  According  to  E.  O, 

187384S27964'81  2116221121 

-    18736316416000  +    159360 


2U63S0WI  2 1 163801.81 

It.  isffated,  indeed,  byH.G.  that  lie  avoids  the  continual 
repetition  of  firfi  differences.     By  this  we  muff  not  underffahd 

that 
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that  his  melbod  makes  it  unncccffary  to  calculate  them  ;  for  Ob 
by  mere  comparifon  of  p.  9  with  p.  125,  it  will  be  feen  that ^^T^^^^f*^** 
we  both  ufe  the  farae  numbers.     In  ibis  iiidance,  a^  in  that  of 
the  fqaares^    the  real  difference  between  the  two  methods 
confiflH  in  the  manner  of  finding  thefe  additional  quantities. 
H.  G.   muft  therefore  mean,  that  he  avoids  the  neceflfity  of 
calculating  the  table  given   in  p.  8.     Now  in  this  I  do  not 
think  that  any  advantage  is  gained.     For  if  the  firft  diflTer- 
ences  are  to  be  found  feparately,  I  have  (hewn  that  they  can 
be  more  eafily  found  by  the  method  which  I  have  recom- 
mended ;  and  much  expedition  will  be  obtained  by  making  a 
feparate  table  of  them,  which  is  impodible  if  we  work  accord- 
ing to  the  dire^lions  of  H.  G.     I  may,  with  fome  reafoHf 
complain,  that  H.  G.  ha^  not  made  his  example  a  fair  parallel 
to  mine ;  for  I  have  fet  down  every  figure  which  need  be  ufect, 
while  he  has  declined  printing  any  of  the  operations  whereby 
he  determined   his  fir  (I  differences.      It  is  poffible,  indeed, 
from  kmg  pradlice  in  arithmetical  computations,  that  he  may 
be  able  to  cafl  his  eye  from  one  cube  to  the  other,  and  ib 
find  the  firft  differences,  without  copying  them  out  on  the 
fide  of  his  paper  for  fubtradion.     I  (hall  not  dwell  upon  the 
danger  of  miAake  in  fuch  a  procefs :  the  quickeA  and  moll 
accurate  eye  could  hardly  avoid  frequent  errors,  and  the  com- 
mon arithmetician  will  find  it  attended  by  confiderable  difliK 
calty.      But  granting   that  all  this  diificnlty  could  be  com- 
pletely conquered,  dill  it  would  give  no  fuperiority  to  the 
method  recommended  by  H.  G. ;  for  it  might  be  applied  to  mine 
with  equal,  if  not  greater  eafe  and  advantage.  Thus,  in  the  ex^ 
ample  given  in  p.  125  ;  if  F  were  computed  by  the  addition 
of  C  and  D,  inftead  of  the  fubtradli'on  of  A  from  £ ;  if  we 
confider  I  z=  F  +  G  inftead  of  =  H  -  E,  M  =  I  +  K  in- 
flead  of  r=  L  —  H,  &c.  we  (houTd  have  the  differences  com- 
puted according  to  my  rules.     We  may  remark  likewife,  in 
this  fliorter  method  of  calculating,  that,  according  to  the  ar* 
rangement  given  by  H.  G.  himfelf  in  p.  129,  the  eye  mnft 
necellarily  pafs  over  two  intermediate  lines  of  figures  in  fub- 
tradling  one  cube  from  the  other,  whereas   the  two  rows  of 
figures    which  I   would  have  added   to   one  another,    may 
always  be  placed  contiguous.     This  certainly  is  an  advan- 
tage; but  at  the  fame  lime  I  only  mention  it  to  (hew  the 

grounds 
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OB.tiiecoiBpo-  grouruls  on  which  I  prefer  my  method  to  that  of  H.  G;; 

tad^  of  iqatret  f^^  i  (|ij|  confider  the  plan  which  I  firft  laid  down  as  the 
and  cubes*  * 

eafiefl  and  fureil.     .     . 

I  have  faid,  that  if  the  difierences  are  confidered  in  p.  125 
at  found  by  addition  inftead  of  fubtra£kion,  the  example 
would  fuit  with  my  method,  becaufe  the  fecond  differences 
are  Hill  addiliona!|  and  will  be  found,  upon  comparifon,  to 
be  added  in  exadily  the  fame  order  as  in  pp.  8  and  9.  The 
only  variety  is  by  making];  two  tables :  I  add  the  fum  of  the 
two  numbers  which  are  (eparately  arranged  under  each  cut)e. 
I  have  only  to  add  on  this  part  of  the  fubje£l«  that  H.  G.  has 
adopted  my  method  in  feme  meafure ;  for  he  fays  that  K  =r 
G  -f*  ^*  ^^  ^^1^  ^s  =  6d,  It  is  true  (as  I  remarked  with 
te(pe€t  to  the  fquares,  that  this  equality  would  mod  probably 
occur  to  the  calculator ;  but  at  the  fame  time  we  mud  recol^ 
h€tt  that  it  is  different  from  the  rule  laid  down  in  p.  ]  50, 
Vol.  VIII. 

I  (hall  not  add  any  thing  to  what  I  have  dated  in  p.  5, 
with  rcfpedl  to  the  midakes  to  which  either  method  is  liable ; 
but  I  diail  conclude  by  affuring  you,  that  it  is  not  my  inten- 
tion to  trouble  you  any  more  on  the  prefent  fubjed.  I 
thought  it  might  be  ufeful  to  publifh  the  letter  which  I  fird 
fent  yoUj  and  having  done  foi  it  became  necefTary  to  remove 
any  obfcurities  in  it,  and  to  anfwer  any  midaken  objedions 
which  might  be  raifed  againd  it :  but  this  having  once  been 
done,  there  can  be  no  occafion  for  further  controverfy ;  and 
I  have  only  to  thank  you  for  the  indulgence  which  you  have 
granted  me. 

I  am.  Sir, 

Your  obliged  humble  fervant, 

E.  O. 

P.  S»  I  take  this  opportunity  to  beg  you  will  mention  tw^ 
or  three  prefs  errors  which  occur  in  my  former  letter. 

P.    9^  line  2O9   dele  the  Italic  e, 

P.  10,  line  12,  X  +  lY  9  read  in  hoth  Inftances^  x  -f  1)  * 
P.  iiy  line  169   29  read  27. 


LetUr 
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LetUr  from C.  Wilkinson,  EJ^.  on  Gakanifin  and  EUarUity, 

DubUn,  Oa.  8,  ]804b 

To  Mr.  NICHOLSON. 
SIR, 

W  HEN  at  Liverpool  m  few  days  fince,  at  the  Athenaeam  Okfcrrationido 
I  found  a  paper  of  Mr.  Thicknefle  of  Wigan  in  your  valaable  t^^^^»  ^^ 
Journal,  and  which  has  induced  me  to  trouble  you  with  the 
following  obfervation.  Mr.  T.  ingenioufly  conje^ures  that 
the  galvanic  phenomena  depend  more  upon  the  decompofition 
of  the  water  employed  than  as  to  any  chemical  change  effected 
on  the  metaU.  Mr.  T.  obfcrves  that  two  metab  are  requifite 
to  the  production  of  galvanic  phenomena  :  this  is  no  ways  the 
cafe,  it  is  well  known  that  a  (ingle  metal  fuffices,  or  even  braia 
and  mufcle,  according  to  the  experiment  of  La  Grave,  or 
nerve  and  mufcie  according  to  Aldini.  Mr.  T.  further  ob« 
ferves  that  hydrogen  mixed  with  copper  always  renders  it  brit* 
tie.  I  (hould  wifh  to  know  this  gentleman's  authority  for  fuch 
an  aflertion  :  be  alfo  fets  out  loo  bypothetically  as  to  electricity 
being  a  modification  of  caloric.  It  has  always  appeared  to  me 
that  the  galvanic  phenomena  entirely  depend  upon  the  difen* 
gagement  of  electricity  from  the  metal  undergoing  a  chemical 
change. 

Galvani  ha^  afcertained  that  gold,  61ver,  copper,  iron,  tin, 
lead  and  zinc,  conftitute  the  feries  of  metallic  bodies;  that 
when  two  metals  the  moft  remote  in  the  feries  are  united,  the 
moft  powerful  galvanic  combination  is  formed;  thus  gold  and 
zinc,  6lver  and  zinc,  copper  and  zinc,  &c.  and  laAly,  lead 
and  zinc,  form  the  weakefi  galvanic  combination.  The  difpo* 
fition  to  oxidation  is  in  the  inverfe  order,  thus  zinc  will  become 
oxidated  even  by  expofure  to  the  air,  whilft  filver  and  gold 
undergo  this  change  with  the  greatcfl  diiBculty. 

Hence  a  metal  which  is  oxidated  with  the  greateft  difficulty 
combined  with  a  metal  which  oxidates  with  the  greateft  faci- 
lity, form  the  mofl  powerful  galvanic  combination.  The  pro* 
dudion  of  galvanic  phenomena  is  always  proportionate  to  the 
degree  of  oxidation. 

AU 
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00  AH  fubHances  which  are  condudors  of  eledh'icity^  if  thejr* 
fphraaiiiBy  «c*  njjjergo  any  change  as  to  their  concluding  power,  fo  asto 
become  diroinidied  ascondudor^,  aiwa)<s  in  the  change  lofe  a 
poriioii  of  their  natural  electricity.  Tliui  mctaU  which  are 
the  beft  conductors,  when  oxidated,  become  non-condu6tors 
in  th?^  change,  the  combined  eledricity  is  lofl. 

If  a  plate  of  zinc  is  univerlaJiy  immerfed  in  a  fluid  which 
will  produce  chemical  changes  upon  it,  no  galvanic  pheaome- 
Bon  will  be  produced  because  the  metal  in  every  aflignabl# 
point*  being  equally  a6ted  oa,  the  contrary  ftates  of  eledricity 
cannot  then  be  produced. 

IFonly  one  fidebe  aded  on,  every  ailignable  point  on  that  fide 
sndergoiog  a  chemical  change,  by  which  it  is  difpofed  to  ^t 
with  its  combined  ele6U'icity,  there  will  be  a  general  tendency 
of  the  eledricity  in  the  fabftance  of  the  metal  towards  the  fur« 
iioeaAed  on  ;  the  fame  as  if  in  a  veffel  filled  with  water,  a 
ffliall  aperture  be  formed,  there  will  be  a  general  tendency  or 
Cttrrent  of  the  water  towards  the  aperture,  fo  of  eledricity. 

Dr.  WollailoB  has  proved  by  yery  ingenious  experiments, 
that  when  two  diflimilar  metals  are  placed  in  a  fluid  which  will 
mEt  upon  one  of  the  metals  and  not  upon  the  other,  when  the 
two  metals  are  put  into  contad  in  the  fame  fluid,  that  thus  cbe« 
mical  changes  are  effeded  on  both  ;  thus  that  gold  and  filver 
thus  arranged,  will  be  aded  on-  by  the  nitric  acid. — When  two 
metals  are  placed  in  a  fluid  which  will  ad  upon  either  of  them 
feparately,  if  the  two  metals  are  preferved  in  a  (late  of  fepa- 
ration  while  in  the  fame  fluid,  chemical  changes  will  only  be 
effeded  upon  one.  Thus  zinc  and  copper  placed  in  nitrous 
acid  and  water,  only  the  zinc  will  be  aded  on. 

Thefe  principles  point  out  the  neceflity  in  our  galvanic 
troughs  to  have  our  cells  perfedly  infulaled,  and  that  there  be 
no  communication  between  the  refpedive  plates. 

Mr.  T.  has  by  mi  Hake  obferved  that  the  fenfation  is  in  pro« 
portion  to  the  furface  aded  on;  the  experiments  of  the  French 
philofophers  proved  tiiat  the  .adion  of  galvanifm  on  animal 
fubftances  is  in  the  ratio  of  the  number  of  plates  employed* 
and  not  the  furfacesexpofed. 

In  all  my  experiments  in  town  with  my  own  eledric  battery 
I  never  fucceeded  in  giving  the  flighted  charge  with  my  gal* 
tanic  apparatus.  In  ibme  converiation  I  had  with  you,  Mtm 
Editor,  you  conjcdured  that  an  extenfive  feries  of  fmall  jacs 

would 
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ironld'  b6  the  befi  arrangement.  When  at  Liverpool,  I  met 
iriUi  .fiich  at  the  houfe  of  Mr.  Daiton,  a  very  ingenious  lee* 
tarer  on  eledricity.  The  galvanic  battery  I  employed  con* 
fitted  of  200  eighuinch  plates*  which  bad  fufed  at  the  time 
near  five  feet  of  fteel  wire ;  this  commanicated  a  very  flight 
iotenfity  to  the  ele^ric  battery,  containing  forty  feet  coteted 
furfiicejaft  fufficient  to  convulfe  afrog,and  although  the  eledri« 
cal  battery  was  in  the  beft  llate  of  preparation,  we  could  not 
fiiooeed  in  producing  any  inlenfity  as  everi  to  affed  the  tongue* 
At  another  period*  I  (hall  do  myfelf  the  pleafure  of  tranfmit* 
ting  to  you  an  account  of  fome  ingenious  experiments  of  Mr, 
Dabop,  on  etedricity,  he  finds  a  cylinder,  when  exhaufted  of 
aiTf  or  when  one  atmofphere  is  condenfed  into  ity  will  not  thea 
be  capable  of*  excitation. 

I  am.  Sir, 

Your's  fiooerely, 

C.  WILKINSON.. 
No.  19,  Soha^Square* 

IX. 

McAod  ofprcDcntUig  Accidents  to  Horfa  and  Carriages,  in  going 
down  Hilis,  by  a  Gripe  or  Clajp  aSHng  on  the  Naves  qf  tlic 
Wheels  qf  the  Carriage.    By  Mr.  W.  Bowlsr.* 

SIR, 

J.  HE  invention  I  have  now  fent  ydu  is,  I  think,  likely  to  be  A|>p»«Ctt  to 
of  .great  ufe,  and  I  therefore  offer  a  model  thereof  for  y<>or  JJ^jJjlJ^/^ 
infpe^on.  In  the  firft  cafe,  this  cart  may  be  (lopped  in  an 
inftant,  in  going  down  the  fieepeft  hill  with  a  load,  without 
fiopping  the  horfei ,  by  the  carter  only  preffing  his  hand  upoa 
a  lever.  This  plan  would  likewife  be  highly  advantageous  in 
cafe  of  a  horfe  taking  fright,  as  the  carriage  may  be  inflantly 
fiopped  by  the  brace  clafping  the  wheels.  It  may  alfo,  with 
little  alteration,  anfwer  for  a  broad^wheel  waggon  with  a 
heavy  load.     By  the  prefent  method,  a  coachman,  whilft  fit* 

*  Tranfiiftions  of  the  Society  of  Arts.    A  bounty  of  ten  guineas 
was  given  to  the  inventor,  and  the  Society  have  a  model. 
VoL«IX.-»NoyBMBBR,  ISOi.  N  ting 
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may  confine  or  releafe  the  wheel*  of  his 
riage  at  plearnrc,  and  prevent  accidents  in  dercending  hith.  Of  I 
in  managing  rellive  liorfes.      *  ' 

1  am.  Sir, 

Your  humble  Servant, 

WILLIAM  BOWLER, 
Fiii^nfy-Stiftt,  May  13,  1803. 
To  Mr.  Cbaxles  Tavlok,  Sec. 

BefcreiKC  to  tht  Engraving  of  Mr.  IFiSiam  Bowltr's  Gripe  fiir 
the  Wkeeh  of  CarU  and  Carriages,  Plate  X. 

A  B.  The  extent  of  the  body  of  the  carl.  C  D,  The  (wo 
fhafls.  E.  The  front  ladder  of  the  carl,  part  of  which  pro- 
jefls  over  thi:  ihafls,  and  is  fupported  on  ihem :  the  other  part 
is  fallencd  to  the  upright  piece  F.  G.  The  handle  of  the  le- 
ver, lUding  betwixt  Im'o  uprights,  and  moveable  on  an  iron 
bar  and  pivot  at  H,  in  the  upright  piece  F,  By  prefling  down 
this  handle,  the  moveable  joinls  I  K  raife  upwards  the  lower 
fait  o(  another  lever  L,  fo  as  to  preHi  aga'uiA  the  lower  put 
of  Hie  nave  ol"  ihe  wheel,  and  al  the  fame  lime  the  moveable 
joints  prcfb  down  the  lever  O,  andcaufi::  this  lever  to  aSagainfl 
the  uppL'r  part  of  the  nave  of  the  wheel  j  thus  comprefEng 
the  nave  of  the  wheel  betwixt  a  double  bract,  and  either  re- 
tarding wholly  the  motion  of  the  wheel,  or  allowing  it  to  move 
u  little,  as  may  be  thought  requlfile.  The  circle  of  the  nearer 
wheel  is  (howti  by  the  dolled  lines  P;  but  this  wheel  i«  tiot 
added,  as  it  would  prevent  this  gripe  from  being  clearly  feeik- 
The  handle  of  the  lever  G  prodiit.'e«  at  the  fame  time  a  limilar 
effeft  on  the  further  wheel  R,  by  meani  of  (he  bar  ot  iron 
which  crolfcs  (he  cart  at  H,  and  a£t<  in  the  fame  manner  on 
timilar  double  joints  at  (he  other  fide  of  tbe  carl,  as  mny  be 
feen  at  S,  where  the  further  double  gripe  is  fhown  prelling  on 
(he  nave  of  the  further  wheel.  T.  A  fmati  eattb,  which,  by 
f.illing  into  (he  notches  or  teeth  of  the  lever,  when  it  iaprefled 
down,  holds  both  the  gripes  in  one  certain  potition. 

When  the  wheels  arc  lobe  fet  at  liberty,  the  catch  T  is  re- 
moved out  of  the  teeth  of  the  lever ;  then  (he  lever  G  is 
raifed  above  the  hole  V,  and  kept  from  Aiding  down  by  an 
iron  pin  attached  to  ihe  chain  U,  being  pat  undorneath  the 
lever,  through  the  hule  V. 

Tbo 


'  Ttie  i^on-^rork  is  not  any  ineofivenience  in  the  loadihg  or 
idoaidinif  of  the  cart,  aor  occopiei  toy  room  witbto  it;  and, 
what  is  of  material  confeqoence  in  new  inventions^  it  may  bd 
managed  bj  the  carter  with  much  lefs  time  and  trouble  than 
the  common  book  and  drag  <:hain.  It  is  alfo  much  more  fe»- 
care  in  its  adton,  as  it  binds  on  both  wheels  atonce^  vnd  gives 
a  imifbrm  fieady  draught  for  the  horfes,  which  prevents  them 
ftom  falling  down. 


Ohjeroatunu  and  Experiments  to  eluddaie  the  Operaiicn  qf  the 
Gahenie  Power.  By  Mr,  Charles  SvLVESYtR*  In  « 
Letkr  from  the  Author. 

To  the  Editor  rf  ike  Priloaophic  Jourkal. 
SIR, 

X  HAVE  for  fome  time  read  and  admired  your  valuable  pub* 
Kcatton,  but  have  not  before  this  time  ventured  a  communiou 
tion  on  any  fubjed.  If  you  think  the  following  thoughts  and 
esqieriments  worthy  the  attention  of  your  readers,  I  (hall  feel 
injrfelf  honoured  if  you  give  them  a  place  in  your  Journal. 

I  remabif  Sir, 

Tour  obedient  ferrant, 

CHARLES  SYLVESTER. 
Shield,  Oa.  \6,  ISO-I'. 

The  decompofition  of  water,  or  at  lead,  tlie  prefence  ofWhetheriwter 
exigen  and  hidrogen,  is  obferved  in  all  the  modes  by  which  the-j,  ^JJ^JJJSs 
galvanic  energy  is  excited.     I  obferve  that  fcmie  of  your  cor-prooe(t| 
refpondents  are  inclined  to  doubt  the  truth  of  water  being  a 
compound  body,  from  obferving  in  its  decorapofition  that  the 
oxigen  and  hidrogen  are  given  out  at  fo  great  a  diftance  from 
each  other.     Though  thefe  pliilofophers  have  more  fimply  ac*- 
eeunted  for  fome  of  the  phenomena  by  making  water  a  fi mple 
fbbftanee,  theh'aflbmed  data,  that  pofitive  and  negative  elec- 
tricity are  two  diflind  bodies,  is  by  far  more  gratuitous  than 
ffie  poiition,  that  water  is  a  compound.    Befides  this  hypothe-  ^<*  P^f*^ 
fis  will  only  account  for  a  few  of  the  fafts,  yvhile  il  abounds  S^iiSJ^ 
with  contradidlton  when  applied  to  th^  reft  of  the  phenomena  Mtesi   . 

^  salvanifm. 

N2  The^ 


4B0  cAtvAutc  rows*. 

Tliey  tell  us  of  Iwo  kinds  of  eleflricity  coming  from  Ihe  gaU 

Vftnic  ftpparaluj  one  from  ihe  zinc  end,  Ihe  olher  from  thf 

copper  end;  llie  furmcr  being  poliiive,  ihc  laller  negativp. 

The  iiitci  itfi        Two  diliina  fluids  moving  in  conirary  direaion*  could  no^ 

P"**"''  poffiblycKiil  in  the  galvanic  Uougii;  by  reafon  of  tlial  flu4 

^^^^  proceeding  from  the  zinc  meeting  that  coining  tioro  ihu 

^^B  per  in  each  of  the  cells,  and  cunlequenily  eOabiillung  a  con*- 

^^H  Hiinl  equilibrium,  witlioul   producing  any  elTe^.     WIten   ibf 

^^H  (IccoRipoGlion  of  water  is  only  taking  plac^  in  one  vclTel   (ail>~ 

^^H  milting  Ihe  above  objeclion  to  be  uf  no  welghi]  ibe  phi 

^^V  admit  of  an  eafy  explanation  by  this  hypolhcfi't  but  wht;n  tv«0i. 

^^^  velTels  are  ufed  connefled  by  a  wire  arch,  it  cannot 

r  fbiipe  be  adequate;  for  as  vre  have  in  each  vclTel  both 

I  and  hidrogen  gaffs,  there  mullaifo  be  both  jioftlive  ani 

I  live  eleflr  icily;  ihcfe  Iwo  contrary  fluids  would  of  courfi;  have 

to  meet  each  other  in  the  connecling  arch,  and  according  to 

I  another  part  of  this  theory  form  feniible  heat  *. 

The  pofllive  wire,  Ifabafemetal  is  altiays  oNldated;  thit 
efTeft  is  known  to  be  facililaled  by  the  clefirieal  agenc)'.     Ac- 
cording lo  ihe  principles  in  queftion,  il  would  be  retarded  by 
•"»'"■  the  power  of  affinity  exiting  between  water  and  pofilive  elec- 

trtcily.  When  ihe  wires  of  a  galvanic  apparatus  ate  brought 
into  a  metallic  folulion,  no  hidrogen  is  given  out  at  the  tiega^ 
live  wire,  but  the  metallic  oxide  is  reduced.  Now  if  nieiaU 
lie  oxides  be  campofed  of  water  and  the  melai,  the  negaiiptf 
electricity  \vould  combine  with  the  water,  and  hidrogen  gi 
would  be  evolved — ihe  very  reverfe  of  ihe  fail. 

My  reafon  for  being  thus  particular  in  the  examination  of 

ibe  hypolhelis  of  Mr.  Richler  and  Dr.  Gibbs,   is  to   prepare 

ibc  mind  of  the  reader  for  fome  experimenls  which  I   ihink 

will  Gonlnbule  lo  the  (if mnefs  of  ihe  hypolhcfis,  which  fop- 

pnfes  water  lo  be  a  compound,  and  that  the  hydrogen  ii  cat-* 

ried  from  the  pofitive  to  the  negative  wire  by  the  electricity. 

Vinitionof  Df,      Tlie  well-known  experiment  of  Dr.  Afli  (with  the  plale  of 

AOi'mptri.      zinc  and  Silver  in  a  dilute  fulphuric  acid)  I  had  occafion  lo 

frhen  ■  long       ^»f  J  '"   '''«   following   manner.     I   look  a  copper  wire  about 

eopperwiit  wit  eighteen  inches  long,  and  beni  it  in  Ihe  middle  foas  to  loria 

•oDDca'^'f  It  the 

Suadci  wMk  *  Thiyare  of  opinion  th^t  thefe  two  fluids  cambined  form  calo* 

ilph.  Kid)         lie.     The;  alfo  hold  with  Dr.  Prieltly  that  whil  .nre   now  lerincd 
kidrDccn  wiu       mslallie  oniiies  are  ihe  rtfpeitive  metals  combined  with  water. 
urlM  gitca  DUE  ' 
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two  ptrallel  legs,  about  two  mchct  diftant  from  each  other.  "^  *«?«w 
Thit  I  laid  in  an  earthen  di(h  filled  with  dilate  muriatic  <^cid.^hQQ^%  ,^i 
I  theh  brought  a  piece  of  ^inc  in  contadt  with  one  of  the  ends; 
Inrfxbies  of  htdrogen  were  immediately  given  out  by  that  part 
of  the  copper.     Afler  bubbles  had  appeared  for  about  two 
inches  down  this  leg,  I  obferved  bubbles  on  the  end  of  the  other 
leg,— (hey  now  proceeded  down  the  two  legs  till  at  lafl  they 
appeared  on  the  part  where  the  wire  was  bended.    I  after- 
wards  laid  a  piece  of  zinc  at  one  end  of  the  fame  difli  and  a 
piece  of  gold  at  the  other.     I  prepared  a  metallic  arch  with 
two  pieces  of  wire,  one  of  gold,  the  other  zinc,  foldered  to- 
gether.    The  zinc  end  I  connefted  with  the  piece  of  zinc  in  «-aid  fe  likt« 
the  difc,  and  the  gold  end  with  the  gold.    After  the  contad  ^J^J^^^^^Sif 
liad  been  made  about  ten  feconds,  bubbles  appeared  on  the  between  foM 
piece  of  gold.  The  diHancc  was  about  twelve  inches.     I  now****  •"**• 
placed  the  pieces  of  gold  and  zinc  at  half  the  diftance,  and 
Blade  the  communication  with  the  fame  arch.    The  bubbles 
BOW  appeared  upon  the  gold  in  about  half  the  before-mentioned 
time.     Upon  bringing  the  pieces  ft  ill  nearer  together,  the  gold 
gave  out  gas  almoft  inftantly,  but  yet  in  all  the  three  inftances 
I  had  time  to  obferve  that  the  bubbles  always  appeared  firfi  oi| 
that  fide  the  gold  next  the  zinc. 

I  think  from  the  above  experiments  thai  the  difengagement  Whence  It  It 
of  hidrogen  from  the  gold  does  not  depend  upon  its  negative  difenniement  of 
fiate,  for  this  quality  muft  have  been  produced  on  the  gold  in  hi^rofen  does 
every  one  of  the  three  inftances  in  the  fame  lime,  from  the  ^I  a^   ^j* 
communication  being  always  made  by  an  arch  of  the  fame  that  the  elec« 
length.     On  the  contrary,  it  proves  that  the  elearicity  d'fen-  ^jjl^Jj^"* 
gaged  from  the  zinc  is  communicated  to  the  gold  through  the  through  the  in- 
intervening  liquid.     If  we  obferve  the  length  of  time  taken  up  ^'F'^  ^V*^ 
in  its  paflage  through  this  medium,  we  (hall  fee  that  it  does  hot 
agree  with  the  laws  of  eledtricity.    Is  it  not  therefore  proba- 
ble that  when  the  oxigen  of  the  water  conibines  with  the  roetal^ 
the  hidrogen  combines  with  the  eleftricity  of  (he  metal,  and  a 
compounaof  this  kipd  obferves  thofe  laws  confiftent  with  the 
phenomena. 

In  each  of  the  cells  of  the  galvanic  trough  a  quantity  of  this  Probability  that 
compound  is  diflfufed  through  the  liquid.  The  momenta  com-  jn^comlaSatioi 
munication  is  made  between  the  two  ends,  the  electricity  en*  with  eledridty. 
^t  each  of  th«  oopper-plates,  leaving  th«  hidrogen  in  bubbles 
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(if  I  n.y  WM 

heliaoid  wrtfi      ^ 


on  Ihe  furfiice  •.     As  lliis  eleAralei)  hidrogen  (JF  I 

allowed  ihc  expreHion)  does  noi  move  through  the  liquid  with 

the  facilily  of  llie  eleflricitj  ilfelf,  ihe  necellity  of  a  furfacc  of 

copper  equal  lo  thai  of  the  zinc  is  obvious.     It  is  plain  that 

only  a  proportionate  quaiiiily  will  be  carried  through  the  whole 

Olgtaion  to  Hit  feriw.     Thi*  fafl  1  liave  afcerlained  in  atleinpting  lo  render 

tcnbtd"in  out      ihe  apparatus  propofed  by  Mr.  Wilkinfon  and  jnurrelf  uTeruI 

Vol.  VIII.  p.  3-  for  »U  experiraenls.     The  llioclt  is  even  lefj  when  ibe  furfacc 

of  Volw!"'"'""'  ^^  copper  is  lefs  ilian  a  ftjuare  inch. 

How  the  dec-        The  qiianliiy  of  elcftraled  hidrogen  in  each  cell  incresfec 

ib^'h  d""'"'"   ^'^"^  '^^  copper  end  to  that  of  the  zinc  in  an  arithmetical  pro. 

the  citciiDi        greflion.     The  eleflricily  only  eiiills  in  its  fimple  form  while 

*="»•  it  is  paffing  from  the  copper  furtace  through  ihe  two  raciaU  lo 

the  zinc  furface.     It  ihere  combines  with  aiioiher  portion  of 

hidrogen,  which  it  leaves  at  the  next  copper  furface,  and  fo 

00  accumulaling  in  quanliiy  Ihe  longer  llie  feries  it  has  to  paf* 

through.     In   the  decompo(ition  of    water  by  ttie  gali'amc 

trough  the  velTeU  in  which  ihis  is  pett'ormed  may  be  contidered 

as  one  cell  in  Ihe  feries.     The  eleflricily  feizing  the  hidrogen 

at  the  poGtive  wire  and  giving  it  out  at  the  negative. 


Mfvioir  on  the  Origin  qfiyaii.  i?ji  Francois  Hubss, 
AJetnhtr  of  the  Sodetj/  of  Natural  I'hilofopliy  aitd  Natural 
Uijiory  qf  Geneva. 

XT  has  betn  thought  flrange  that  the  word  wax  Ihould  feldom 
occur  in  a  book  which  treats  of  bees  alone:  but  nevcrllielcfs  as 
it)  the  courfc  of  my  obfervalions,  I  had  not  attended  to  the 
produfls  of  their  induflry,  I  could  only  have  repealed  what 
had  been  faid  by  Swammardam  and  Reaumur,  and  ihat  did 
tiol  feem  lo  me  to  be  neceOary, 

I  knew  thai  Ihefe  infefis  collefled  abundanlly  upon  Ihe  an- 
tberx  of  flowers,  ihat  Ihey  are  acquainted  with  llie  method  of 

•  This  fjft  is  very  obvious  when  the  copper  fuifaee  it  verycltan. 
The  hidrogen  under  conirary  circumliances  is  imployid  to  reduce 
the  oxide, 

t  From  Journal  dcPhyGii^ae^  &c.    Pluriofef  ^^n.  XII. 
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"^pctmg  theoit  of  gathering  their  dufti  keeping  ft  in  tli« 
▼kies  ^  their  hind  legs,  and  carrying  it  to  their  hives* 

It  had  beenobferved  thai  the  particles  of  this  dufi  fwelis  lAHnmlnatiMi  oi 
water,  and  that,  when  one  of  them  burfts,  an  oily  liquor  rans  ^*  P***"*  ^ 
Ottt,  which 4oats  on  its  fur&ce,  btst  did  not  mix  with  it ;  froiti 
tiiefe  experiments,  repeated  on  Che  duil  of  a  great  number  of 
fowers,  it  was  concluded  that  they  contain  the  principles  of 
wax;  bat  it  was  admitted  that  thefe  mufl  undergo  a  peculiar 
elaboration  in  tlie  body  of  the  bee,  (ince,  according 'to  the 
experiments  of  Reaumur,  a  flexible  wax  could  not  be  knade 
from  the  dull  of  the  antberas. 

It  will  be  feen  from  feveral  pal&ges  in  my  work  that  I  had  The  trae  origij 
adopted  this  opinion :  a  fingle  obfervation  of  Burnens*  changed  .^  Pumi 
all  my  idea.^.  The  true  origin  of  wax  might  have  been  fooner  oaknowa  frqp 
known,  had  there  been  any  fufpicion  that  it  was  not  already  ^  •^'jJ^tSS 
difcovered.  I  (hall  now  ftate  how  I  was  led  to  doubt,  and  what 
I  have  done  to  verify  my  new  conjedures. 

I  was  in  Switzerland  in  1793;  the  farmer  of  the  eftate  onObfenradons 
which  I  refided  had  many  bees,  and  the  greater  part  of  ^i^JJc^wiirT? 
hives  having  been  (locked  in  former  years,  the  combs  with 
which  they  were  filled  reached  to  the  (lands,  confequently 
there  was  no  room  to  con(lni6t  new  ones.  We  remarked, 
however,  that  the  working  bees  carried  in  a  coniiderable  quan* 
tity  of  this  fecundating  powder. 

There  was  alfo  in  the  fame  apiary  fome  fwarms  of  that 
year,  (he  hives  having  only  been  (locked  a  day  or  two ;  in 
fome  of  them  the  combit  were  only  began,  in  others  they  were 
larger,  but  in  all  of  them  there  were  vacancies  to  fill  up,  and 
nmch  work  to  do.  We  obferved  with  aflonifhment  that  the 
bees  of  thefe  fwarms  did  not  carry  in  the  pollen,  and  that, 
neverthelefs,  they  worked  withadivity  in  Uie  con(lru6tion  of 
new  combs,  and  in  lengthening  thofe  already  commenced. 
Where,  therefore,  did  they  procure  materials  for  their  edifices? 
Afler  thefe  obfervations,  we  fufpefted  that  it  was  not  from  the 
dud  of  the  (lamina,  and  that  they  had  a  very  different  ufe  for 
it  than  that  for  which  it  was  believed  to  be  intended.  We 
liowever  found  that  it  was  not  impoffible  to  explain  thelb  ex- 
traordinary fa^,  without  abandoning  the  hypothefis  of  Reau- 

*  The  name  of  M.  Huberts  (bcretary  $  which  dcfcrfts  to  b^ 
known  to  thccttlttvatort  of  natural  hiftory. 

cnuTf 
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»ur,  by  fuppofing  (h&l  ihc  bee;  of  (he  oM  Uvei  ftored  up  fo 
much  pollen  in  their  combs  for  their  future  wanU,  while  ihofc  ,- 
of  Ihc  new  fwarms  did  not  carry  it  outwardly  on  iheir  legs,  in 
the  infancy  of  their  cCiablifhincnl,  becaufe  ihey  had  no  cells  ia    ' 
which  they  could  depo&i  il:  itniiglilbe  (uflicicnt  lo  enable    ' 
them  lo  confirufl  iheir  combs,  if  Ihey  were  al  liberty  lo  fly  to    . 
the  flowers,  procure  their  pollen,  and  return  lo  their  hives  aftar 
having  fillefl  iheir  HomBcb.',  where  it  rout)  be  elaborated  and 
converted  into  perfed  wax.     It  was  to  obviate  thefe  doubtt 
thai  I  undertook  the  following  experiments. 

FIBST     EXPEBIMENT. 

Oit  Bert  iit  Cimfiaetnenc  viilh  Honey  alane  far  their  S'ourijhment, 

E'p.  I.  MuK  bees  eat  pollen  to  be  in  a  flale  (o  produce  wax?  Thif 

6^to  a"'^''  ""  (he  firfl  queflion  which  I  thought  il  necelTary  lo  inveftigale  j 

dufliui  of  inx  *  the  meihod  of  trying  the  experiment  was  obvious;  it  was  only 

required  to  keep  ihe  bees  within  their  hives,   and  thai  prevent 

LiiCD)  fiom  coliefling  or  eating  ihe  fecuiidaling  powder. 

On  the  2tlh  of  May,  Rumens  lodged  a  fwarm  in  a  fira*f 
hive,  with  as  much  honey  and  vvater  a»  lyas  liccettary  for  their 
confumplion,  and  he  clofcd  the  dours  To  that  thebeescould  not    ' 

•  get  out  and  Ihe  air  be  at  the  fame  lime  renewed. 

Al  firft  Ihe  bees  were  very  uneafy,  but  became  caltn  on  re- 
moving Ihe  hive  lo  a  cool  dark  place:  their  captivity  lafletf 
five  days;  ihey  were  permitted  to  come  o^it  in  a  room,  the  win- 
dows of  which  were  (hul;  wg  ilien  examined  the  hive  morp 
WMftnio  fonveniently.  We  firfl  noliced  that  there  was  no  honey  left 
booej  ilofK.  jn  the  ^,e^^■e|  which  had  been  filled  with  ii,  « iih  the  fole  inlcn. 
|ion  of  feeding  ihe  confined  bees;  and  were  mure  adonifhed 
lo  find  Tive  combs  of  the  moll  beautiful  wax,  furpended  froin 

I  the  roof  of  Ihe  hive;  they    were   perfeflly   while,  and    very 

brittle.  This  refull  was  very  remarkable;  however,  before 
forming  a  conclofion  from  il,  that  ihe  honey  wiih  which  ihefe 
bees  were  fed  had  enabled  them  lo  produce  ihc  wa\,  it  was 
necelTary  lo  enquire  vvhelher  it  could  uol  alfo  be  explained  in 
anollicr  manner. 
The  bees  which  I  had  employed  had  doubtlcfs  collefled  the 
duf)  while  ihcy  were  al  liberty. 

They  rai^ht  have  done  fo  the  evening  before,  or  on  the  very 
day  of  iheic  confinement,  and  might  have  enough  in  llittir  flo- 
machs,  and  In  the  cavities  of  iheir  legs,  to  cxlrafl  from  it  all 
the  wax  which  we  had  found  in  their  hive. 

But 
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H  was  troe  that  it  h^  been  obtained  fr6m  tbe  feoiin* 
4laling  powder  previoaily  obiainedf  tbit  fource  was  not  inea6i 
baofiihfe,  and  tbe  bees  being  anable  to  procnre  any  more« 
tbey  would  fooa  ceafe  to  conftrud  combs,  and  fall  into  the  moft 
coflotpleto  inadion.  It  was  neceflary  therefore  to  continue  tbe 
lame  trial  to  render  it  deciiive. 

The  28th,  Bumens  ratnmed  this  fwarm  into  its  hive,  after 
having  taken  out  all  the  combs;  he  (hut  them  up  as  before  with  . 
a  fre(b  fupply  of  honey. 

Thia  experiment  was  not  long,  for  on  the  evening  of  the 
fecond  day  we  perceived  the  prifoners  working  with  new  wax^ 
The  next  day  the  hive  was  infpefted,  and  we  found  five  combs, 
as  heavy  and  as  regular  as  thofe  made  during  their  firft  captit 
vity. 

We  afterwards  repeated  this  experiment  five  times  fucceC* 
fively,  with  the  fame  bees,  and  the  fame  precautions:  we  at* 
ways  found  that  the  honey  had  difappeared,  and  that  new  wax 
was  produced.  This  refult  was  fo  invariable  during  this  long 
fedufion  that  we  could  no  longer  doubt  that  the  honey  alone 
had  fopplied  them  with  all  the  elements  of  their  wax,  without 
Ihe  affifiance  of  the  fecundating  duft. 

SBCOND    EXPERIMENT. 

On  a  Hive  from  which  Honey  was  excluded,  and  in  which  only 
Pollen  and  fruits  for  ihe  Nourijhment  qf  ihe  Bees  were  left, 

I  thought  it  would  not  be  ufelefs  to  make  the  inverfe  of  the  Exp.  IIj 
preceding  e^cperiments :  it  would  (bow  roe  whether  the  pol- 
len could  not  fupply  the  want  of  honey  when  the  bees  were 
deprived  of  it,  and  enable  them  to  produce  wax. 

J  therefore  enclofed  a  fwarm  in  a  bell-glafsy  in  which  had 
been  placed  a  comb  whofe  cells  contained  only  pollen,  and  the 
fole  nouriibment  of  the  bees  was  fruit. 

Thefe  bees  did  not  make  wax,  nor  did  they  form  a  (ingle 
cell  durii^g  eight  days,  which  was  the  time  of  their  capti- 
vity, 

I  was  going  to  repeat  this  experiment,  when  Burnens  re-  Bees  (ed  on 
marked  that  the  free  bees  were,  in  fome  meafure,  in  the  faroeP**""*  *^1^** 
^ate  as  thofe  we  had  confined;  there  being  no  honey  at  that  wax.    ^^ 
time  in  the  flowers^  they  found  only  pollen^  and  did  not  work 
in  wax. 

I  may 


I  may  periiaps  be  alked  howl  was  btisfiedof  thb,towhiGfi 
I  anfn'er,  bre^-waK  i)  white  at  firO,  Ibe  cells  Toon  become  yel- 
Jow,  4nd  in  iJme,  this  colour  grow?  browner,  and  in  older 
hives  life  comb!  have  acquired  a  blackilh  linge.  It  is  there- 
fore verv  eaiy  to  diltin^ruilh  the  new  cdi'^  from  thole  which 
have  been  fomc  time  formed,  and  confequenily  to  know  whe- 
ther the  bee«  are  really  making  cotnlx,  or  whether  that  work  is 
furpendf^  i  i(  ji  rufficient  lo  ratfe  the  hive!;,  and  to  notice  the 
lower  edges  of  the  combi. 

The  odour  exhalod  by  the  hive!,  and  Ihe  lliape  of  (he  beei, 
■rcindicslionsby  Mhich  it  may  always  be  known  whether  there 
ii  honey  in  the  floweit;  if  (hey  are  combined,  lliere  can  be 
no  iitrlher  doabi,  and,  particularly,  if  a  great  number  of  beei 
return  to  the  hive,  whit  h  are  remarkable  for  the  hulk  and  the 
form  of  their  bellle*.  Thofe  which  are  filled  with  honey  have 
the  abdomen  cylindiical;  the  name  of  wax-mating  bees  be- 
longs to  I  hem  exciuGvely:  the  bellies  of  the  labouring  bees 
which  have  other  funfiiont,  always  preferre  their  ovoid  form, 
and  their  volume  it  never  fenfibly  augmented;  the  iiamc  of 
nurfing  bees  rs  proper  for  thefe. 

The  farmers  of  the  neighbouring  villages  kept  their  bees  in 
balkets,  or  in  cafe^  of  different  forms;  and  1  was  able  lo  viiit 
a  very  great  nuiaber  without  going  to  any  great  diflance  from 
my  habitation. 

In  1793,  an  intemperate  fpring  had  retarded  ihe  reparation 
of  the  fwarmsj  ihere  had  noi  been  any  in  the  courlry  before 
tlie  Zilh  of  May  ;  but  toward-  ihe  middle  of  June  there  were 
feveral  in  the  vicinity  of  my  reliiience.  At  that  lime  the  fields 
were  covered  wilh  flnwers,  the  bees  collefled  much  honey,  and 
Ihe  new  fiwarms  worked  at  the  wax  with  vigour. 

On  the  laih,  Burnens  vifilcd  Gsly-five  hlve^;  at  the  en- 
trances of  all  of  them  he  obferved  wax-making  bees.  Thofe 
which  returned  to  old  hives,  not  having  (oconfiruS  cells,  de- 
pdfiled  their  honey  In  the  combs,  or  dtftrlbuled  it  among  their 
companions;  ihofe  belonging  lo  the  fwarma  converted  their 
honey  into  wax,  and  haflened  to  conflruA  combs  for  the  re* 
Mpiion  of  iheir  young  bees. 

It  was  (liowery  on  the   19th:  ihe  bees  went  abroad   hut 
brought  home  only  pollen.     The  weather  was  cold  and  rainy 
until  the  yrih.     We  were  defirous  of  knowing  if  this  had  pre- 
vented iheii  woiking.     On  (lie  23lh,  all  the  hives  were  lifled : 
fiurncns 
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Bmtimw  fiwsd  Aat  the  work  had  been  iidpfted  $  Hie  conibi 
whkb  Im  had  neafiired  on  the  19th,  were  fiot  atmll  increafed, 
mid  were  of  a  citroa^yellovr,  nor  was  there  a  fingle  white  cell 
in  any  of  thefe  hives. 

.  Ob  the  1(1  of  July  the  chefeuts  and  Innes  were  in  blofibin,  «-aid  a  dry 
Ibe  thermometer  indicated  the  20tb  degree;  the  waX'^saking  ^"™'** 
beei  re^appearedf  they  carried  away  great  quantities  of  honey, 
which,  as  we  had  before  obferved,  was  em  pipy  ed  in  aog- 
menting  the  provifions  of  the  old  hives,  and  in  enabling  the 
yooag  fwerms  to  conftrad  new  combs. 

The  greateft  a&ivity  was  obfervable  among  them :  the  gOLm 
thering  of  honey,  and  the  production  of  wax  continued  until 
the  middle  of  this  month. 

July  1 6th,  the  heat  remained  the  fame :  the  field  flowers,  at 
well  as  thofe  of  the  chefnuts  and  limes,  were  completely, 
withered;  they  yielded  no  more  honey;  their  pollen  alone  at* 
traded  the  working  bees,  and  they  colleded  it  abundantly, 
but  there  was  not  any  wax  produced:  the  combs  were  i^ot 
lengthened ;  thofe  of  the  young  fwarms  did  not  fill  more  than 
two  thirds  of  their  hives. 

Aogufl:  9th*  It  had  not  rained  for  fix  weeks,  the  heat  was 
very  powerful  nor  was  there  any  dew  to  allay  it  during  the 
night:  the  black  wheat  which  had  been  in  flower  for  fome 
days,  did  not  offer  any  honey  to  the  bees;  they  found  only 
pollen* 

On  the  1 0th,  it  rained  for  fevcral  houn;  next  day  the  black 
wheat  had  the  odour  of  honey ;  in  fadl  it  might  be  feen  glit- 
tering in  their  expanfed  flowers.  The  bees  found  enough  to 
feed  them,  but  too  little  to  induce  them  to  work  ajt  new  wax. 

On  the  14th,  the  drought  re-commenced,  and  lafied  to  the 
end  of  the  month :  no  more  honey  appeared  upon  the  flowers, 
and  when  we  vifited  the  fixty*five  hives  for  the  lad  time,  we 
found,  Ifl,  that  the  bees  had  not  produced  any  wax  after  the 
middle  of  July ;  2d,  that  they  had  flored  up  a  great  quantity 
of  poUefa ;  Sd,  that  the  fupply  of  honey  was  much  leifened  in 
the  old  hives,  and  that  hardly  any  remained  in  the  new  fwarms, 
that  which  they  had  colleded  in  the  fpring  having  been  em- 
ployed in  the  preparation  of  wax;  the  pollen,' therefore,  has 
mit  this  property,  and  no  further  doubt  remained  on  this  head. 

This  year  had  not  been  (lormy,  and  I  have  fince  afcerlaiqed.  Weather  inoft 

by  a  great  number  of  obfervations,  that  eleAricity  is  fingularly  f^jouribte  to  the 
^     ^  .  f         ^^/ Uboufofbecs. 

V  lavourable 


L. 


fiiTOureble  to  Ihe  feeretion  of  honey  by  the  (lovers;  the  b««t 
never  colIeS  it  in  greater  abundance,  nor  ia  ihe  prepiralioo  of 
wax  ever  more  aflive  than  u-lien  the  wind  is  in  (he  foiith,  the 
air  humid  and  warm,  and  a  llorm  gathering. 

too  long  crintinued,  and  the  drought  which  if  the  con. 
^uMce  of  it,  cold  taim,  and  principally  a  north  wind,  fuf- 
''lyend  it  entirely, 

TflfBD    EXPKXIMEMT. 

On  the  V/i  which  thr  Bee-i  make  (tf  Ihe  fecundating  Fowder. 
^^J/f.  UIi  lo  the  ftcond  experiment  the  bees  did  not  touch  the   pollen 

^^^L  which  I  had  placed  within  their  reach,  and,  as  its  quantity  ww 

^^^H  not  fenCbly  diminilhed  during  this  trial)  I  was  induced  to  be. 

^^^P  lieve  that  it  was  not  an  aliment  proper  for  ihem. 

Vbic  is  tbe  afe     I  alfo  knew  that  the  new  fwarms  were  liable  lo  perilh  from 

Bfpolleu'  hunger  in  the  midrlle  of  fummer,  and  even  when  the  country 

was  covered  willi  flower>{,  if  a  particular  temperature,  which 

111  loo  uncommon  in  our  climsle.  did  not  favour  the  fecrelionof 
honey  in  their  neflaria.  What,  therefore,  ii  the  ofe  of  the 
pollen  which  they  collcfl  with  fuch  avidity  during  eight  months 
of  the  year,  and  of  which  Ihey  lay  up  fuch  abundance  ?• 
This  quellion  remained  to  be  inveftigaied. 
I  had  a  hive,  in  dLvifiims,  the  queen  of  wliich  was  barren; 
its  combs  did  not  contain  any  polleni  but  they  had  much  ho- 
ney:  the  two  narrowell  fides  of  this  hive  were  formed  of  panel 
of  glafs,  through  which  the  furfaces  of  the  exlerjor  combi 
might  be  feen,  and  the  condufl  of  the  bees  obferved. 
Theiueen,  bte  1  look  away  (ht;  queen  on  the  16th  of  July,  but  lo  confole  the 
ttletni*.)-,  working  bees  I  removed  the  firll  and  the  twelfth  combs,  in 
which  there  was  not  any  thing  tointerell  them,  and  I  fupptled 
(heir  places  with  two  combs,  the  cells  of  which  were  filled 
with  eggs,  and  worms  of  all  ages.  I  carefully  cut  away  all 
Ihe  cells  in  which  pollen  could  be  perceived,  and  Ihut  up  the 

*  Reaumur  was  of  opinion  that  the  bcti  of  a  wcll-ftocked  hive 
might  (ollcfl  ai  IcaA  a  hundred  puundscf  this  fubftance  in  the  courle 
of  a  year;  but,  having  remarked  that  the  weight  of  wai,  fabricated 
in  the  fame  time,  did  not  exceed  two  pounds,  he  concluded  "  that 
the  beet  extract  only  a  very  imajl  portion  of  the  true  wax  from  tbii 
native  wax,  that  the  gieucft  part  of  it  ii  required  for  their  nourith- 
Rienr,  and,  ihsi  the  rcS  is  difchirgcd  from  their  bodies  in  the  form 
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iim  wilb  a giBtiog.  .My  intentidn  will.beguefied:  I  wiiM 
to  kn^w  wJieihcr  thefe  infeds  oooid  iupport  tfaftir  young  witbr 
out  thU  fecundaUiog  jlowder. 

The  next  day  nothing  extraordinary  oocorred  s  the  beet  ikt 
en  their  eggs  and  feeacd  to  oorfe.them^ 

On  the  18th,  after  fun-fet,  a  great  notfe  was  heard  in  th# 
hive.  Anxious  to  fee  what  occafioned  it,  we  opened  the  ihut«» 
tcn^  and  obfenred  that  all  was  in  confufion :  the  incubation  was 
itoppedi  the  bees  ran  over  the  combs  in  diferder;  we  faw 
thoafiuxis  piedpitate  themfelves  on  the  ftand,  thofe  which 
were  oeareft  to  the  mouth  eagerly  gnawed  the  grating;  their 
intention  was  no  longer  doubtful,  they  wi(hed  to  get  out  oF 
their  ooDfinemenk. 

I  was  feu  fill  of  deftroying  them  by  continuing  to  prevent 
them, from  yieUing  to  their  inftinft,  they  were  therefore  fet  at 
liberty:  the  whole  fwann  came  out,  but  the  hour  was  unfa-* 
vooiaUe  to  their  oolleding,  the.  bees  did  not  go  fkt  from  the 
Uftt^  the  darknefsy  and  the  chillinefs  of  the  air,  fbon  compeU 
kd'tbem  to  return,  and  probably  calmed  their  agitation,  for 
we  faw  them  quietly  reafcend  their  combs,  and  order  appeared 
lo .  at  to  be  re^fiablilbed.  This  moment  was  taken  to  dofa- 
the  hive  again. 

Ob  the  19th,  we  faw  two  royal  cells  begun  on  one  of  the  Odier  myal  cells 
combs  of  the  nurfery  (couvain);  the  evening  of  this  day,  and'"'^* 
at  the  fiime  hour  as  the  day  before,  we  heard  a  great  tumult  in 
the  clofed  hive,  it  was  in  a  general  confufion,  and  we  were 
again  obliged  to  permit  the  fwarm  to  come  out. 

The  20th  was  the  fifth  day  of  their  captivity ;  we  thought 
it  had  been  of  fufficient  duration,  and  were  alfo  very  impatient 
to  examine  the  nurfery,  and  to  fee  what  was  (he  caufe  of  the 
periodical  agitation  of  thefe  bees :  fiurnens  therefore  opened 
the  firft  and  twelfth  windows,  and  drove  the  bees  from  the 
oombs,  fuffering  them  to  take  their  flight  in  a  room,  the  win- 
dows of  which  were  (hut. 

He  firil  noticed  that  the  royal  cells  bad  not  been  continued, 
that  they  did  not  contain  any  worm,  and  that  there  was  not  an' 
atom  of  the  jelly  which  fervesfor  the  nouriflunent  and  the  cra- 
dle of  the  larvae  of  the  queens. 

He  fought  in  vain  for  eggs,  for  worms^  and  for  the  liquid  in  — buttbt  pro- 
4he  Gonmon  ceils;  all  had  difappeared.    Had  thefe  worms^^H'^  °*^  sf 
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dM  of  hrmgtt^  Had  we,  iby  wkhdfawing  the  f«ctiiidiitffl|f 
powder,  dQpiited.tiw!  beet:  of  «very  meant  of  iioBriibfii|f 

Ihem  ? 

.  XoalcerfttQ  tfaitit^woald  befafficieDt  loreftore  lliem  (keir 
pollen,  and  obferve  the  iffiie.  .  The  beet  were  tiierefore  agaiii 
teturned  to  Ifaeir  prifaiiv  after -haviiig  fiibilituled  yoang  wormt 
(6i  iko(e  which  bad  been  fulGered  to  die. 

On  the  22d,  we  foand  thai  the  bees  bad  fafieoed  thefe  eembs, 
and  tbal  they  were  again,  in  a  (late  ofincufaatioiii  we  theii'gflive 
tbem  fbne  pieoet  of  combs  in  which  olber  beet  bad  fteted  up 
the  fecandaling  powder,  and^-  the  belter  to  obferve  what  they 
did  with  it^  we  took  fome  of  the  pollea  out  of  tbe  ceils,  sect 
laid  it  expofed  on  the  (land  of  the  hive.  In  a-  few  minutes  the 
bees  difoovered  the  pollen  in  the  cxmd»s«  and  that  which  we 
bad  taken,  out;  theytook  it  grain  by  giain  in  tbeir  jaws,  and 
conveyed  it  into  their  mouths;  thofe  which  had  eaten  moft  vo^ 
vacionfly  re-«foended  the  combs,  and  .plaeed  themMvei,  at 
firft,  upon  tbe  cells  of  the  young  worms,  which  they  entered 
with  their  heads  foremoft»  and  remained  there  a  greater  or  led 
length  of  time.  One  of  the  windows  ofi  the  hife  was  now 
opimed  cautiouily,  Bamens  powdered  tbe  beet  which  eat  the 
'  pollen,  and  watched  them  for  fome  hoars;  he  obferved  that  the 
marked  bees  always  re-afcended  to  the  nurfery,  and  immedi- 
ately entered  the  cells  of  the  young  bees. 

The  23d,  we  found  the  royal  cells  begun* 

The  24th,  we  drove  the  bees  £rom  off  the  young  worms, 
and  we  remarked, 

ift.  That  all  of  them  had  the  jelly,  as  in  the  common  hives : 

2d,  That  the  worms  had  grown  larger,  and  were  forwarder 
in  their  cells : 

dd.  That  others  had  been  (hut  up  again:  And, 

4tb,  That  the  royal  cells  had  been  lengthened. 

The  25  th,  we  withdrew  tbe  pieces  of  comb  which  we  had 
placed  on  the  fland,  and  found  that  the  quantity  of  pollen  was 
fendbly  diminiOied;  we  aflerwards  replaced  them  in  the  hive 
with  other  cells  filled  with  the  fecundating  powder. 
.  The  26th,  the  royal  cells  had  been  clofed  during  the  night,- 
as  well  as  feveral  of  the  common  ones. 

The  27 ih,  I-  rellored  thefe  bees  to  liberty ;  Bumens  examined 
the  cells  with  the  greateft  attention,  and  found  jelly  in  all  thofe 

.   .  which 


nUdi  ftiU  contained  worms  but  nKotfl  of  fthcm  were  (tot  wbb 
•  lid 6f  W9x:  be  exaBined  foino  of  tbe  lalter,  and  ibaiid  tbm 
Warns  employed  in  fpinning  cocoons  of  fiik. 

Ail  the  worms  had  therefore  been  tended  as  in  the  nataral 
hives.  In  this  fecond  tciai  we  did  net  perceive  any  dtibfdei 
ID  this  hive;  there  had  not  been  the  lead  agitation:  it  is  trae 
fome  of  the  working  bees  attempted  to  go  oat  in  the  courfe  of 
the  day,  bat  finding  it  impoffible,  they  re-afcended  the  combs 
quietly,  which  were  never  left  (bran  infiant.  The  hive  being 
abnodaDtly  fupplied  with  honey,  and  with  the  pollen  neccAry 
Ibr  their  young,  Jeft  them  nothing  to  wi(h  for;  and  they  were 
fiill  more  happy  when  a  queen  was  born,  who  afterwards  be- 
CBBie  pregnant,  and  Uid  a  great  number  of  eggs. 
-  After  thefe  two  experiments  there  could  be  no  more  doobl  ThepoOenis 
Ami  the  fecundating  dud  was  the  aliment  proper  ibr  the  youn^  ^!j^^  ^ 


I,  and  that  the  want  of  this  fubfhince  was  the  canfe  of  their  bses. 
4eeth,  and  of  the  evident  anguiih  of  their  norfes  during  their 
lift  captivity. 

BOURTH   BXPBRIMKNT. 

\ 

__  • 

On  Beet  deprived  qf  Honey  and  PoUen,  and  wfuch  it  xvat  at* 

tempted  to  feed  tuiih  Sugar , 

I  wiQied  to  know  if  it  was  the  faccharine  part  of  the  honey  Exp*  IV. 
which  enabled  the  bees  to  produce  wax,  the* hooey  coa- 

'  Bomens  confined  a  fwarm  in  a  glazed  hive:  one  pound  of  taint  the  princi- 
Canary  fugar  was  their  folc  aliment.  P^  ^^  ^^  ***^ 

He  put  a  fecond  fwarm  into  another  hive,  and  endeavoured 
to  feed  them  with  very  coarfe  raw  fugar;  and  to  obtain  a  terra 
of  comparifon,  a  third  fwarm  was  (hut  up  in  the  fame  manner^ 
and  fed  with  hone^. 

The  bees  of  the  three  hives  produced  wax;  thofe  fed  with 
the  different  qualities  of  fugar  produced  it  fooner  than  the 
^^arm  which  had  only  had  honey,  and  they  produced  it  in 
greater  qoantity. 

A  pound  of  Canary  fugar  reduced  to  fyrup,  and  clarified  Wax  made  from 
with  white  pf  egg,  yielded  10  gros,  52  grains,  of  a  wax  not  ^ereS  iuali- 
fo  white  as  that  wtiich  the  bees  extract  from  honey.  ties. 

An  equal  weight  of  raw  fugar  gave  22  gros  of  very  white 
wax. 

Maple 


I 


:hii  cxpcrineillfl 


Mapis  fugar  produced  l!ie  fameefTed, 
having;  been  repeated  fcven  timei  fuccellivel)',  always  employ^^t 
ing  ihe  fame  bees,  we  couid  not  douiiC  ihat  fugar  contains  tha 
principles  of  wax,  and  we  concluded  tlial  it  was  tlie  faccha- 
rine  part  of  the  honey  which  had  this  properly. 


Tiicfc  obrcrvatiuns  Shcvt, 

1  a.  That  ihe  wax  comes  from  the  honey : 

2d,  That  liic  honey  is  alio  a  foud  of  the  lirft  neceffily  to 


3d,  That  flowers  do  not  always  contain  honey, 
imagined ;  that  this  fectetion  ii  fubjefl  to  the  vatialiuns  of  the 
almurphcre;  and,  that  the  days  in  which  it  is  abundant  are 
very  taxe  in  our  climate: 

4(b,  That  it  is  the  faccharinc  part  of  the  lionej  which  ea- 
»bles  the  bees  to  produce  wax : 

5iii,  That  raw  fugar  yields  more  wax  than  honey,  or  reitned 
fugar: 

<jlh,  That  the  dud  of  the  Haoiba  does  not  contain  the  pni 

7th,  Thai  this  (tufl  is  nut  the  food  of  the  adolt  bees,  and  tit 
(hey  do  not  collea  it  for  therarelves : 

8ih,  That  the  pollen  affords  the  only  aliment  which  ii  ppt^, 
per  fur  their  young,  but  lliat  this  rubHunce  mufl  undergo 
culiar  elaboration  in  the  Itomachs  of  Ihe  bees  to  be  convci 
into  an  aliment,  which  is  always  approprialcd  to  their  fex,  iheqii 
age,  and  their  wants,  lince  the  bell  microfcopes  do  not  (hew 
the  particles  of  pollen,  or  their  coverings  in  the  hquor  pre- 
pared by  the  working  bees. 

I  Ihall  fpeat  ot  the  economical  confequences  of  thefu  ob- 
lervations  on  another  occaGon.  By  Ihowing  tlie  breeders  Ihe 
real  wants  of  the  bees,  they  will  be  polTi-ITed  of  ihe  means  of 
afliding  them  in  time,  \n  all  their  necellities,  and  of  prelerv'. 
ing  them  in  climates  in  which  nature  has  not  placed  thvi 
in  which  they  could  not  profper  without  our  aid. 
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XIL 

JU  Enquiry  concerning  the  Nature  qf  Heaif  and  the  Modes  <^ 
in  Commwncatim.  By  Benjamin  Count  qf  Rumfo&d^ 
K  P.  A.  S.  Sfc.  Abridged  from  the  Phiiojbphical  Tranfi 
u&dmfor  1804. 

(Concluded  from  p*  6J.) 

Exp.  12.  1  WO  equal  cylindrical  veflels  of  flieet  brafii  po^  Eip.  it.   io^ 
fifhed  very  bright^  each  three  inches  in  diam^er  and  ioar  ^Jj^J^I*^  «* 
incbei  long,  fafpended  by  their  obliqae  necks  in  a  horizontal  heaMdTdo^  rt 
pofition^  being  placed  on  their  Wooden  flands,  were  filled  cj^^<^>b**^- 
with  water  at  the  temperature  of  180^ ;  and  their  circular  flat  no^2^«^A 
boltons  were  prefented,  in  a  Tertical  pofition,  to  the  two 
balk  of  the  thermofcope*  at  th^  diftaticO  of  two  incbei. 

When  the  two  hot  bodies  were  prefented^  at  the  fame  mo^ 
flwiit^  to  the  two  balls  of  the  inftrument,  or  what  wat  fttU 
belter,  when  two  fcreens  were  placed  before  the  two  balls, 
at  the  di(faince  of  about  an  inch,  and^  afler  the  hot  bckiies 
were  placedi  thefe  fcreens  were  both  removed  at  the  fame 
infiantt  the  babble  remained  without  motion  hi  the  middle 
of  the  horizontal  part  of  the  tube  of  the  ioftrumimt. 

If  the  dtftances  of  the  equally  hot  bodies  were  rendered 
ivequal,  the  ^bubble  always  moved  towards  the  moft  remote. 
of  the  two ;  and  if  a  fingle  hot  body  was  prefented  to  one 
of  the  balls,  the  bubble  vi  as  driven  from  it,  and  might  have 
beeo  carried  quite  out  of  the  tube;  which,  however^  was 
always  avoided,  as  the  inilrument  would  have  been  by  that 
means  quite  deranged. 

Erp.  13.  The  tiat  circular  bottom  of  one  of  the  cylindrical  i«p.  ij.  A  ttf 
veflfels  was  blackened  by  holding  it  over  the  flame  of  a  wait  **"*^JJJ3J?*"** 
Candle,  the  other  veflfel  remaining  bright  as  before.      Both  g*,Uf  out  nm 
wertf  then  filled  with  water  at  180^,  and  prefented  fit  equal  ^>^t>»^^<a 
difiances  to  the  two  oppofite  balls  of  the  infirument,  as  de-  furfgce. 


in  the  lafi  experiment; 

The  bubble  was  infiantly  driven  out  of  its  place  by  the 
fuperior  adion  of  the  blackened  furface;  and  it  did  not  return 
to  its  former  fiation  until  the  blackened  furface  had  >  een  re* 
aiiovod  to  more  than  eight  inches  from  the  ball  to  which  it  was 
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prefenteJ;   the  ocher,  which  had  not  been  blackened,    re- 

maiiiing  in  ili  Firli  polition,  at  ihe  diflance  of  [wo  mchet. 

Tbcother  cciit.      Oiher  fimilar  experiments  were  made  to  Ihew  whether 

•Kcleiated  the    '^"'^^  coalings  or  clotliingi  which,  in  ihe  former  experiments 

tnoiing.wemlf*  wiih  il>e  large  vefTels,  had  accelerated  Iheir  cooling,  did  alfo 

the  raJU^MN*  '  increafe  their  power  ot'  radiation,  as  ftiewn  by  the  procefi  and 

iuftruments  lad  defcribed.     And  the  refull*  Jnvariabljf  proved 

that  tills  is  the  cafe. 

It  was  alfo  a  queftion  deferring  to  be  invedigated,  whether 

any  peculiarity  belonging  to  the  metallic  furface  hitherto  ufcd, 

namely  of  brafs,  might  have  influenced  the  refalls. 

Etf.  14,  ij.         Eip.  1 1,  1 5.  The  two  large  cylindrical  Teffels  No.  I  and  2, 

Ateiiadiate     '  '"^'^  Covered  with  a  fingle  coating  of  oil  varnifh,  and  on  this, 

«fiully>  when  Oifficicnlly  dryi  was  laid  a  covering  of  thick  gold  leaf 

upon  Mo.  I,  and  thick  iilver  leaf  on  No.  2.     Thefc  veflbla 

were  cooled  llirough  the  interval  of  10  degrees,  in  ihe  (ame 

time  as  the  naked  velTel  ufed  as  the  Dandard.    Similar  expe> 

riniend  with  velTck  of  tinned  iron  and  of  lead,  (hewed  that 

the  radiation  from  all  thefc  metals,  though  fo  difl'crent  in  their 

conducting  power,  is  the  fame. 

"  Is  not  this,"  fays  the  Count,  "  owing  to  their  being  all 
equally  wanting  in  tranfparcncy  ;  And  does  not  this  afford  us 
k  Drong  prefumption  that  heat  is,  in  all  cafes,  excited  and 
communicated  by  means  of  radiatioas  or  undulations,  as  I 
Aiould  rather  choofe  to  call  them  ?" 

And  he  proceeds  to  obferve,  thai  another  very  important 
i]ue(lion  alfo  muf)  be  decided  before  ihefe  points  can  be  deter- 
mined, and  that  is.  Whether  bodies  are  cooled  in  conlequence 
of  the  rays  they  emiti  or  by  thofe  they  receive  f  The  celebrated 
experiment  of  Pi^et  has  Ihewn,  in  our  author's  opinion,  that 
rays  or  emanations  procced^OM  cold  bodies,  which  may  be  ctjd- 
centrated  by  concave  mirrors,  and  will  alfeft  a  delicate  air 
thermometer, 
El^  16,  17.  £jp.   16,    17.    The  horiionta!   cylindrical  veOels    fFig.   3, 

A^^^jJ^-Ptoe/.  of  the  prefent  volume)  were  made  very  clean  and 
^(urcotDibcr bright,  were  duly  fixed,  and  left  for  feveral  hours  in  a  room 
bodiei  by  ridit-  ng^r  the  ihermofcope;  and  when  each  velTel  was  in  fuccefEoa 
Meat  tiori ion.  prefented  to  that  inflrument,  with  every  precaution  to  pre- 
iJly  pined.  vent  irregularity  from  external  circuraflancas,  it  was  not  found 
to  be  atfl-'^d  by  them.  One  of  the  veiTels  was  now  taken 
away  and  filled  with  ico  and  water,  and  then  prdeated,  at  the 
diAsnce 


^P  THB   KATVAB  OF  ItlATi  J|^ 

diftance  of  £9iir  lochei^  to  one  of  the  balls  of  the  tb^molcope. 
The  hubUe  immedimtelj  moved  towards  the  ootd  body,  and 
pilled  through  the  fpace  of  one  iocb.  A  nearer  ipproi(cfa  of 
(be  coM  body  produced  a  fiiil  farther  motioa  io  the  (ame  di^ 
leAioD. 

Exp*  18*  19.  Though  this  refult  appeared  td  the  Count  to  Exp.  it,  19* 
prove  indifputably  that  cold  bodies  emit  rayt  capable  of  gene»^^]^*|^  icc-colA 
miog  cold  in  warmer  bodies,  yeti  from  the  importance  of  the  actth  the  chv- 
fa£l;,  he  chofe  to  vary  the  fubftance  prefented  to  the inftru- P?jJ^»**j[** 
mmtp  mt  wdl  as  to  remove  all  fufpicion  of  the'  a^ioo  of  cold  Nocvncntof  dr 
cumits  of  air.    He  therefMe  hud  the  thermofcope  on  one  ^^^bcii 
fide,  and  placed  underneath  one  of  its  balls  a  folid  cake  of  ico,^ . 
■I  the  dfftanoe  of  fix  inches.    The  refult  of  this  experiment 
was  the  fiune  as  of  the  other,  and  the  bubble  was  moved  one 
inch  io  the  tube.    Ice-cold  water  produced  the  (ame  effed  at 
JceitfeK 

Exp^  20.  Whether  this  tffc6t  of  coM  bodies  be  governed  by  txp.  10.  iietii 
the  &me  laws  as  thofe  obfierved  by  varying  the  nature  of  the  ^^^1^^^'^ 
forboa  in  heated  bodies,  or  byanyother,  now  remained  tonftnimtaiflasrtt 
be  albertained.    It  was  before  found  that  metal  blackened  ^I!!!^^!^f«^ 
Oiver  a  candle,  did  emit  much  more  of  calorific  rays  than  the  fkeMftasis^* 
bme  netal  when  naked.     The  fame  experiment  was  dowP*******^ 
made  with  cold  bodies.    One  of  the  cylinders  had  its  end 
blackened,  and  the  other  cylinder  was  left  bright  and  nakedi 
Both  were  filled  with  ice  and  fait,  and  at  the  fame  inftant 
they  were  fuffered  to  ad  from  equal  diflances  on  the  thermo- 
fcope.    The  bubble  moved  towards  the  blackened  body ;  not 
indeed  fo  much  as  when  the  bodies  were  heated  in  the  former 
experiments,  becaufe  the  temperature  was  not  here  fo  far 
difhmt  from  the  common  temperature  of  furrounding  bodies 
as  in  that  experiment ;  but  on  feveral  repetitions  of  the  ex*'' 
periment  with  tliefe  cold  bodies,  the  effed  was  conftantly  the 
fame.     It  was  found  that  the  precipitation  of  ice  out  of  the  Ite  fadkeis  omv 
furrounding  air  tended  fpeedily  to  raife  the  teorperature,  and^'*^'*^^ 
alfo  that  the  clean  furface,  when  covered  with  ice,  had  a 
greater  frigorific  effed  than  when  the  metal  was  naked. 

Exp*  21.  The  radiation  of  heat  from  animal  fubflances  ap*£xp.  at.  Gold- 
gearing,  firom  feme  fads,  to  be  confiderable,  a  piece  of  gold.  ^^'«  ^1"  "' 
lieater's  ikin  was  applied  wet  to  one  of  the  vefiels,  and  re«  more  than  mectl. 
gained  £rmly  adherent  when  dry.  This,  when  filled  with  hot  J^JJ!*^  *" *** 
water  at  180^,  and  prefented  to  the  thermofcope  in  oppgfition 
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10  the  olhw  vefTcl  clean  and  bright,  and  alfo  filled  willi  the 
fame  [luid  at  Uie  Tame  heal,  wat  Tound  to  be  much  raore  calo- 
rific.    The  bubble  which  moved  from  llic  coated  body,  did 
'  noi  return  to  its  fialion  until  ibia  body  wat  removed  to  a  dif. 

tance  five  limes  as  great  ai  that  of  the  other.  Whence  our 
author  conclude!,  that  Jl  emitted  twent]>-tive  times  the  quan- 
lily  oicalorilic  rays. 
£^.i*j  Smu-  Erp.  22.  The  vefieU  ufed  in  the  lafl  experiment  were 
iTeSfjllS.  •'"'P'ted  and  refilled  with  ice  and  water.  They  were  then 
The  (old'btM-  prefented  al  equal  diOanccs  fi^bni  the  refpe^ive  balls ;  and  tlie 
Jum?'"  ^"'  id^'''''^  °^  ^"^  '""'*'  **''''^'*  "*'  covered  with  gold-beater's  Ikin, 
ij  radiKion.  was  much  more  conliderablc  in  producing  cold. 
I  The  radiation  ot  cold  bodies  appearing  to  the  Count  thus  to 

I  be  proved  beyond  all  doubt,  he  was  delirous  o(  afcertaining 

[  whether  the  fngoriftc  nys  pofTefs  an  equal  power  of  aFTeAing 

I  Ihc  temperature  of  bodies  at  the  calorific  rays  do  ;  the  tem- 

peratures of  the  radiant  bodies  being  at  the  fame  diDance  each 
way  from  the  body  lu  be  afled  upon. 
Eip.  S3.  A  h«t  Ezp.  es.  With  this  intention,  one  of  the  velTels  filled  with 
™i.«.ld  TriW  pounded  ice  and  water,  was  prefenicd  to  a  ball  of  the  inflru- 
faoni  (he  com.  ment,  and  the  other  velfd  filled  with  water  at  1I2^  was 
"*"*  "ffa^'h*  P''^'^^"^  **  '"  equal  difiance  on  the  oppofile  fide  ot  the  fame 
tbemKiltDH  ball ;  (he  temperature  of  the  room  and  inOrumciit  being  72°, 
•(oillj,  or  +0"  difiant  from   each  of  the   temperatares  of  the  velTels, 

and  the  other  ball  of  the  inllrument  being  defended  from  all 
radiation  by  fcreens.     The  bubble  remained  motionlefi ,-  fo 
Uiat  the  oppolite  afiions  were  in  h&  equal.    And  when  either 
velTel  was  drawn  farther  otf,  the  effefl  of  that  velTel  became 
lefs,  and  the  bubble  moved  ;   that  is  to  fay,  towards  the  ball  if 
the  cold  veflel  were  nesrefl,  or  from  tlie  ball  if  the  hotter ; 
sod  ihefe  etTcAs  were  equal  in  quantity  as  well  as  in  celerity 
of  motion. 
Why  tht  cent-       The  Count  again  repeats  his  concluGon  from  thcfe  expe- 
t^^l'?"""  ''"'^""  '*'^'>  e'«f'"*>''«l  'o  Profeffor  Fiflet,  M.  de  SaulTure, 
ii((d,  and  M.  Senebier  at  Geneva,  that  ihe  rays  which  generate  cold 

are  juftatreal  and  juft  as  intenfe  as  thofe  which  generate 
heat;  and  he  proceed*  to  account  for  this  refult  having  been 
overlooked,  by  obfurving,  that  the  degrees  of  cold  we  are  able 
to  produce,  are  much  lefs  diflant  from  the  ufual  temperature 
Ihau  ihofe  ol  heat,  which  are  witJtin  our  power.  Thus  a  caiv 
noil  bil'4  healed  to  16  J  decreet,  01  70  degrees  above  blood* 
I  «.  --        .  faeat. 
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lea(,  woqM  radiate  quite  as  much  as  ice ;  and  a  bullet  of 
freezing  mercarj  weuld  radiate  fcarcely  more  than  another  of 
boiling  water:  both  which  hot  temperaturest  are  very  trifling 
in  cooipariron  to  the  heat  in  which  we  are  habituated  to  notice 
and  obferve  this  phenomenon. 

Exp.  24.  After  the  proof  that  cofd  bodies  of  the  fame  kind  Exp*  S4«  Tha 
afled  the  thermofcope  equally,  when  equally  diftant  from  the  ^^^^^^ 
common  temperature,  it  remained  to  be  determined  whether  moft  htic  by  ia« 
the  different  modifications  of  furface  have  the  (aroe  effeas  in  J^»  ^Vj^ 
the  ready  propagation  o^  lower  temperatures,  as  they  had  cqU^ 
ftewn  before  in  higher.    To  (hew  tliis,  it  was  only  required 
to  oppofe  them  to  each  other,  as  to  their  a6tion  upon  the  lame 
ball,  as  in  the  lad  experiment.     With  this  view  both  difcs 
were  blackened,  and«  the  temperature  of  the  room  being  1^^ 
as  before,  one  of  them  was  charged  with  ice  and  water,  and 
Uie  other  with  water  at  112^.     Thefe,  at  equal  diflances  from 
the  ball  as  before,  did  not  affed  the  bubble,  and  therefore  their 
adions  were  precifely  equal. 

In  the  confideration  of  two  kinds  of ^^  rays,   calorific  and  I>o  not  the  fiunt 
frigorific,  it  did  not  efcape  the  attention  of  our  author,  that  JJJ^^J*^^  ^ 
hot  and  cold  are  terms  denoting  mere  relations ;  fo  that  the  the  seaspcnnua 
fame  body  will  be  either  hot  or  cold  accordingly  as  the  com-  J^^^J^idS? 
Qion  temperature,  or  temperature  of  the  bodies  of  compari- or  lower  dun  the 
(on,  is  lower  or  higher.     Queftioning,  therefore,  as  to  the '•^^**°*  ^T* 
di&rence  between  calorific  and  frigorific  rays,  he  demands 
whether  the  fame  rays  may  not  be  either  calorific  or  frigorific, 
accordingly  as  the  body  at  whofe  furface  they  arrive,  is  hotter 
or  colder  than  that  from  which  they  proceed  ? 

Exp.  25.  The  whole  of  the  external  furface  of  one  of  the  ^sp*  *5*  l^ttal 
large  cylindrical  paflTage  thermometers.  Fig.  1,  Plate  J,  was  ^^y.j^^p^™ 
covered  with  gold-beater's  (kin,  and,  along  with  the  flandard  &iji  cools  £jlcr« 
inlhrument  of  the  fame  kind,  was  filled  with  hot  water^     The 
covered  inflrument  cooled   through  the  Handard  interval  of 
ten  degrees,  namely,  from  101  f  to  91 1,  in  twenty-feven  and 
three  quarter  minutes ;  but  the  naked  inftrument  employed  45 
minutes  in  pafling  through  the  fame  interval. 

Exp.  26.  Both  infiruments  were  fuffered  to  remain  in  the^»Pi*^;  Aa4 
eold  all  night,  when  the  temperature  in  the  naked  inflrumeut  j^^^  o^'J^'^ 
VBS  50|®,  and  that  of  the  covered  inflrument  49|^ ;  the  air  qaickly* 
of  the  room  being  48^.     Both  inftruments  were  then  removed 
HitQ  »  wa^m  room^  of  which  the  temperature  continued  be* 

tween 
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tween  (!4^  and  55°.     The  covered  inftrumerl  attiui'red  heat 
Ihe  moll  rapidly;  for  in  a  quarter  or  an  hoar  boih  Hood  at 
£l{°,  and  at  ihe  end   of  Tour   hours  the  naked  intlrument 
Ibewed  ihe  lemperalure  61°,  and  the  covered  63j°  :  whence 
ihe  Count  obfervc),  that  thofe  fuhflances  whidi  part  wilh 
heat  Ihe  moCi  readily,  have  alfo  the  grealefl  Tacillt}'  to  ac- 
qoirc  it. 
R>:r>  «*"V*  **     He  then  proceeds  to  reaCon  nn  the  probabilily  that  the  tem- 
emitieil   tlitt     peraturci  of  bodiej  may  be  changed,  not  only  by  the  rays 
Ihe  heiis  of  lio-  [hey  emit,  but  by  thofe  they  receive  from  other  bodies ;  and 
"■  as  t!ie  cooling  of  hot  bodies  is  fn  much  accelerated  by  cowering 

iheir  farfaces  wilh  rubflanccs  which  aflefl  the  radiation  or  ab- 
forption,  he  thinks  it  highly  probable  that  the  air  it  but  littlti 
''affefled  as   to    its    tempi-rat u re,    by   thefe   rays    which   pafi 
Ihrough  it ;  and  he  contemplates  the  ertabliOimcnt  of  this  fnp- 
polition,  as  piomiting  to  explain  variou!<  inlereflinj;  pbeno. 
Stndr  Kwper*-  nomen^;  particularly  that  of  the  fieady  temperature  of  liring 
turtofinnMU,  animal*,  notwilhllanding  ihe  great  quantity  ot  heat  generated 
in  Iheir  lungs,  and  the  difierent  lt:mperalures  ol   the  fluid 
which  fijrroands  them, 
frtijr  bf  tffcaed       For  it  is  evideiil,  the  greater  power  an  animal  may  pofft^fs 
■'  '  'of  throwing  off  heal  by  radiation,  independently  of  the  efTcfl 

of  the  conlaCl  of  the  furrounding  air,  the  lefs  will  his  tem- 
perature be  alTefled  by  the  changes  in  that  fluid,  or  the  op- 
InHuitc  in  0*-  predive  heat  of  the  climate.    The  probability  that  tiegroe; 
'""'  and  people  of  colour,  who  fupport  the  heats  of  tropical  cli- 

mates much  better  than  white  people,   olTers  itfelf  in  this 
place  as  the  conlequence  of  their  colour;   a  quality  whtcb  not 
only  enables  them  to  throw  otf  heal,  but  even,  us  the  Count 
much  fufpc(l<i,  to  abforb  frigorjtic  rays  from  fach  bodies  as 
may  emit  them. 
E.p.  tj.  BIwJt      £ip.  27.  When  Ihe  flat  end.  of  both  the  horizontal  cylin- 
mTLi^mbr  "e"  <!""'  veflels  were  covered  wilh  gold-beater's  Ikin,  and  one 
increitu  ridbi<    gf  Lhem  painted  black  upon  the  covering  with  Indian  ink, 
EmilTion  '^"   '""■    '*  indicated  by   the   thermofcope,    emitted   more 

calorific  rays  from  the  included  hot  water  than  the  other  velTel 
did. 
inditfanctp.  £^,  28.  When  Ihe  fame  two  vefTel!  filled  with  boillng-IioC 
water,  were  fet  to  cool,  the  blackened  velTcl  cooled  ihrough 
the  flandatd  interval  of  ten  degrees  in  23j  minules,  while 
Ihe  other,  which  was  not  blackened,  employed  28  minutes. 
*  The 
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The  author  tgatn  reverU  to  the  appUcatioD  of  theTe  fuBu  Cifeas  of  the 
to  sonud  bodies.     Whether  the  oilj  coating  which  ft^H^^uJamw!^^ 
apply  to  their  ikins  in  cold  climates,  may  not  add  to  their  ^ec  aodof  the 
Gonlort  by  redeaing  frigorific  rays ;  whether  the  Hottentots,  y^^^ 
SdU  more  difgailingly  befineared,  may  not  derive  advantages  aegroei. 
fimilar  to  thofe  derived  by  negroes  from  their  black  colour  ? 
are  quefiioos  that  promife  to  lead  to  refults  of  pradical  value. 
He  then  proceeds  to  explain  more  fully  the  manner  in  which 
negroes  may  be  fuppoled  to  reiid  the  action  of  a  burning  fun. 
An  oil  exudes  from  the  (kin  of  thefe  people  when  expofed 
naked  to  the  fun ;  which  oil  refleds  the  fun's  calorific  rays. 
Heal  more  intenfe  produces  fweat,  which  not  only  aids  the 
fixmer  procefs,  but  generates  cold  by  evaporation.    But  when 
the  fun  is  fett  the  oil  retires  from  the  fur^e^  and  the  ikin 
becomes  well  adapted  to  admit  frigorific  rays  from  the  neigh- 
bosring  bodies. 

Exp.  29.  The  thermofcope  was  perceptibly  affeded  by  theBsp.  %9»  VM 
radiation  of  cold  bodies:  It  was  defirable  to  know  ^***^*' ^LS**©^?^! 
this  tfk€t  would  be  (hewn  in  a  grofler  way/ by  accelerating ndiadoolioia 
the  cooling  of  a  hot  body.    For  this  purpofe,  two  conical  ^^^ 
vefleb  of  thin  fheet  brafs,  each  four  inches  diameter  at  thcf 
bafe,   and  four  inches  high,  ending  above  in  a  cylindrical 
neck,  were  feparately  enclofed  in  a  cylinder  of  thin  pafte* 
board  covered  with  gilt  paper,   and  then  the  veiTels  were 
covered  up  with  rabbit-fkins  having  the  hair  on  them,  in  fuch 
a  manner  that  no  part  of  thefe  velfels,  except  their  flat  bot« 
toms,  was  expofed  naked  to  the  air.    The  bottoms  were  co- 
vered with  gold-beater's  Ikin  painted  black  with  Indian  ink, 
in  order   to  render   them  as  fenfible  as  poffible  to  calorific 
and  frigorific  rays. 

The  two  vefTeis  thus  prepared  were  fufpended»  with  their 
bottoms  downwards  from  the  arms  of  a  (land,  and  under  each 
was  placed  a  pewter  platter  blackened  on  the  iniide  by  fmoka 
from  a  candle.  The  platters  ihemfelves  were  fupported  on 
(hallow  earthen  di(hes  which  reded  upon  wooden  Aaods;  each 
pewter  platter  having  a  perforated  cover  of  (hick  paper,  in  the 
center  of  which  was  a  hole  (ix  inches  in  diameter.  The  diftance 
ffoa  the  floor  of  the  room  to  the  fmoked  furface  of  each  plattef 
was  40  inches,  and  the  interval  between  the  furface  of  each 
conical  ve(rel  and  itscorrefpondent  platter  immediately  beneath, 
yras  f<wr  inches.   One  of  the  platters  remained  at  the  tempera* 

tura 
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^^B  lure  of  the  room,  but  the  other  was  kept  ci>nnsntl]>  ice  cold 

^^B*  by  means  of  pounded  ice  aod  water  contained  in  the  dilb 

^^K  beneath  il. 

^^^  The  two  conical  velTels  were  now  filled  with  boiling  hot 

^^^■^  water,  and  every  piecaulion  was  taken  to  prevent  agitation  in 

^^^K  the  air  I  the  only  mean*  by  whirh  an  afccnl  ol  cold  Huid  could 

^^H  be  Turpefled.     The  lerult  of  the  experiment  was,  that  the 

^^^P  v«ffc]  fufpended  over  the  ice-cold  platter  cooli'd  from  50"  to 

^^^  that  of  10"  above  the  temperature  of  the  room,  in  33  minutes 

and  +2  fecondi ;   whereas  the  other  velTel  inquired  39  miouLO 

and  \5  fecond^  to  cool  through  the  fame  inliirval. 

ttf.  JO.  Rept-      Exp.  3fl.  Upon  repealing  this  experiment  the  next  day, 

"""•  Ihe  limes  were  33  minutes   15   feconds  and  39  minutes  30 

feconds. 
Vdodtjrof  lool-      As  the  cooling  of  IhefeveiTcls  is  a  complicated  procefs  which 
lll'C^'Sj'l.    int^'udes  the  conlidetaiion  of  the  heat  that  patTcd  through  the 
friin  icF,  in  ibe  covered  pde^,  in  thefe  difTerent  times ;  the  Count  enters  into 
noBof  jn4-    ^  pfocefs  of  computation,  founded  on  the  principles  made  ofe 

Pof  at  page  61,  bj  which  he  determines  that  the  velotily  with 
which  the  heat  patTed  through  the  bottom  of  the  velTcl  expofed 
to  the  ice,  was  to  that  with  wlich  it  pafTed  through  tlie  bottom 
cf  the  other  veflel  as  five  to  four  nearly. 
E«p.  i».  Pfo-  Ejcp.  31.  By  ihe  manner  of  defending  the  two  conical  velTels 
heiV  w/beii  h  ""'^'^  ''*''  "  Circular  band  or  hoop  of  Ihe  fine  poft  paper  which 
thealr  whrnii  projefled  half  an  inch  below  its  bafe.  It  isevidenl  thallheairin 
P^^' J"*"*'  thisfpace  could  not  pa&  upwards,  as  it  became  healed  by  con- 
pTKc.  It  oil  ta£),  andconfequenily,  that  very  little  of  the  cooling  ttT. A  could 
danontwcntj.  have  been  prmluced  by  Ihe  contafl  of  an  afcendlng  current.  To 
whale  )«li>  afcerlain  what  thiaeffefl  might  have  been,  llie  two  velTels  were 

fufpended  as  berore ;  but  one  of  (hem  had  its  haTc  inclined   in 
■n  angle  of  i5°,  white  the  other  bafe  continued  horizontal.     In 
II  this  fifjiation  they  were   filled   with  boiling  water,   and   fuf- 

I  fried  to  cool  without  the  platter  and  Hands  beneath  them, 

[■   «  Two  effe^s  would  follow  from  ihefe  arrangements :  Ihe  velfel, 

^^^K  '  which  in  the  other  experiment  had  been  placed  over  a  platter 

^^H  I  >t  the  temperature  of  the  room,  would  now  cool  a  very  little 

^^H  fafler  by  the  abfence  ot  thai  plaiier,  which  no  doubt  muD  have 

^^B  bad  its  temperature  a  little  raikd;  and  the   inclined  vt^fTi-l  in 

^^^B  the  prefenl  experiment  would  be  cooled  foroewhat  more  fpee* 

^^^K  ^ily,  by  the  fucceSive  conlad  of  the  afcending  current  of  ait 

^^^K  iwhidi   was  at  liberty   to  rile.     This  velTel   was  lound  to  cool 


horizontal 
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horizQDlal  voflbl  employed  3&|  minutes.  By  referring  thefe 
fii6b  to  computation,  the  Count  (inds  that  the  heat  loft  by 
adual  communication  to  the  air^  is  nearly  ^  part  of  the  whole 
loft. 

ExpmS2.  The  counter  radiation  by  the  platter,  which  wasCzp-  3s»  ▼do* 
fiated  under  the  laft  experiment  as  impeding  the  cooling  P^^^,^^^!^ 
oefs,  a£Rirds  the  important  profpecl  of  explaining  the  eSe€t  of  ▼tcinity  ot  other 
clothing,  and  therefore  deferved  to  be  more  fully  examined,  ^ljj[*^'    "•"*• 
The  experiments  29  and  30  were  therefore  repeated,  with  the 
diftance  of  three  inches  only  between  the  bottom  of  each  vellel 
and  its  correfponding  platter.    The  times  of  cooling  through 
10^,  were  now  33^  minutes  and  40|  minutes. 

Exp.  33.  And  when  the  didance  was  diminithed  to  two^^  33*  R^epe* 
ipches,  the  times  proved  32|-  minutes  and  42|  minutes. 

Thefe  experiments  (hew  that  the  vicinity  of  a  cold  body,  Thrvicimty  oC 
of  which  the  low  temperature  is  not  kept  up  by  artificial  ^^\^  fucceC- 
means,  retards  the  cooling  of  a  hot  body.     And  from  this  Aon  iriUcoaftU 
fiia  the  Count  concludes,  that  if  the  hot  body  had  been  a'"^*^"*^"«* 
globe  fufpended  in  the  center  of  another  larger  thin  hollow 
fpheret  of  the  fame  temperature,  at  the  commencement,  as 
the  air  and  walls  of  the  room,  the  cooling  would  have  been 
more  flow  than  if  the  external  globe  had  not  been  prefent ; 
and  alfo,  if  the  external  globe  itfelf  were  included  in  another 
globe  of  the  fame  defer! plion,   the  retardation  would  have 
been  ftill  more  confiderable.     And  by  extending  this  fuppofed     « 
experiment  to  a  number  of  thin  concentric  hollow  fpheres,  we 
may  conceive  a  great  retardation  to  follow,  and  (hall  become 
acquainted  with  the  nature  of  the  effeds  which  take  place 
when  a  hot  body  is  furrounded  by  proper  clothing. 

If  the  fpheres  were  metallic,  tlie  cooling  would  be  floweriBoreefi«diitlif 
if  the  furfaces  were  po1i(hed  than  if  unpoli(hed  or  blackened  JpoKflieiL* 
whence  it  is  highly  probable,  that  the  warmth  of  any  clothing 
depends  very  much  upon  the  polith  of  its  fur&ce. 

The  microfcope  (hews  that  thofe  fubflances  which  fupplyFvri,  fetdicrit 
us  with  the  warmed  coverings,  fuch  as  furs,  feathers,  ^'J^^fSdJly  wSiS 
and  the  like,  have  their  furfaces  highly  poli(hed;  and  the 
fioer  the  fibres,  or  the  greater  number  of  interpofed  poliflied 
furfacc8»  the  warmer  is  the  clothing. 

In  the  fDrmer  experiments  of  Count  Rumford,  heconfidered^lodiiiif  defeads 
the  warmth  of  clothing  as  principally  depending  on  the  ob-^j^^^^^^J^l^y 
^les  it  oppofes  to  the  motion  of  the  furrounding  cold  air ;  pre  venting  cir- 

t^QAColitionof  the 
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but,  by  a  palienl  anri  careful  examination  of  the  fuhjefl,  he 
U  coni'inced  that  Ihe  efficacy  of  radiation  is  miich  greater  than 
he  liail  fuppofed  :  from  (he  refull  of  the  experiment  No.  31. 
it  appears  that  a  very  fmall  pari  of  the  heat  of  a  body  cooled 
in  tlie  air,  is  in  fa£)  com  muni  cat  nl  to  ihat  Huid  ;  much  the 
grealed  portion  being  communicaled  to  furrounding  bodies  at 
a  dillance ;  and,  in  one  of  liiti  former  cKperiments,  a  hot  body 
was  cooled,  though  it  was  placed  in  a  lorricellian  vacuuin. 
A'lt  beated  onlf  He  conGders  the  best  which  air  receives  by  coming  in  can~ 
'Ldhr''^'"  '"^  *''*'  ^  '"^'  '"'^y*  '"  be  communicated  by  radiation,  in  the 
fame  manner  as  it  k  received  by  other  bodies  at  a  greater  dif- 
tance ;  and  lie  apprehends  thai  ilie  contiguous  particle  receives 
Ihe  heat  in  preference  for  no  oilier  reafun  than  becaufe  it  ii  at 
the  furface  of  the  Duid,  this  heing  the  place  where  retleAion, 
refraflion,  and  increafe  of  temperature,  take  place;  and, 
from  thefc  confi  derations  he  explains  what  has  been  called 
Ihe  non-condu£ling  power  of  tranfpaienl  iluids. 
Aiulogyb:-  By  extending   the   analogy  of  thofe  fatis  which   we   know 

iween  light  lod   concerning  the  effefl  of  poliOied  furface*  on  light,  to  the  ra-. 
diations  of  heat  alfo,  the  preceding  faft^  are  eafily  explained. 
The  frigoriiic  rays  are  n-flecled  externally,  and  a  large  por- 
tion of  the  calorific  rays,  which  would  have  ilfued  forth  through 
a  rough  furfice,  are,  in  the  other  cale,  turned  inwards  by 
tefleaion. 
Adrapofwittt      The  polilhed  furface  of  a  drop  of  water,  which  rolls  about 
refifti  die  twit    gl  a  dillance  from  the  face  of  a  piece  of  red-hot  iron,  enables 
fcy'ui'polifli^*    ■'  *"  fcflefl  the  calorific  rays ;  tlie  water  acijuires  little  heal, 
and  ev.iporatei  {lowly. 

With  a  k'fs  heal  (he  water  enteri  the  pores  of  the  oxide 

upon  the  metal,  lofes  its  polilh,  acquires  heat  very  rapidly, 

and  is  foon  evaporated. 

It  rttiini  iti  pa-      I'  'he  metal  be  Icfs  oxiilable,  as,  for  example,  a  filver- 

liA  torijcrm      fpoon,  the  drop  of  water  will  fupporl  or  rtfilt  a  lower  heat. 

£lb  mart.     '     ^°  ^^  ''  <'"**  ""'  '<'  '*>""  '"f^^  '"  P"h(h  ;  but  at  a  ftill  lower 

heal,  lhat  is  to  fay,  a  little  above  boiling- water,  k  drop  of 

water  is  inftantaneoully  evaporated. 

Eicp.14.  Wjtir      £'J7>.  3*.  A  dean  polillied  fpoon,  rendered  black  by  bold- 

lolhng  in  •  fi.o^n  jng  j,  o,er  ,he  fljme  of  a  wax  candle,  will  receive  a  large 

fRnk-,  cinnM    '^'Op   o(  water,  which   will   roll   about   without   welling   the 

he  ouiie  to  bi^  blackened  furface.     This  drop  cannol  be  made  lo  boil  by 

holding  the  fpoon  over  the  Hame  of  a  candle.     When  ihs 

rpooD 
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fyotm  h  too  iiot  to  be  fteM  by  its  btndle,  the  drop  of  wattr 
poured  info  the  palm  of  the  hand  is  warm,  but  by  bo  meant 
Icalding  hot.  ** 

Exp.  95.  If  a  lar|^  drop  of  #ater  be  formed  at  the  end  ofSs^  35*  I^ 
»  fmal!  fplinter  of  h'ght  wood,  and  the  drop  be  thnift  quidtly  ^^S^^Jr 
Into  the  center  of  the  flame  of  a  newly  fnoffed  candle,  it  willoMi4k|  li 
remain  for  a  conflderable  time  rn  the  center  of  the  flame,*"*'"* 
withoat  being  apparently  affeAed  by  the  heat;  and  if  it  be 
Mcen  out  of  the  flame  and  pat  upon  the  hand,  it  will  not  be 
Ibond  to  be  fcalding  hot.  If  it  be  held  for  fome  time  ih  tfM 
flame,  it  will  be  gmdoally  diminiflied  by  evaporation ;  bat  it 
does  not  appear  that  the  heat  is  commnnic^Ued  by  the  flame, 
bat  by  the  wood  to  which  it  adheres,  which  is  foon  heeited, 
and  St  bft  fet  on  fire. 

The  remainder  of  the  ConnPs  memoijr  confifts  of  theoretical  Why  die 
remarks  and  mfeircnces,  occupying  2^  PH»^  ^  ^  Tranfe«j[^^'j^*" 
tions.  I  have  endeavoured  faithfully  to  deicribe  the  &&  inibiid||sd. 
the  way  of  abridgement,  but  cannot  with  the  fame  facility 
do  juftice  to  tliefe  argumentative  refolts.  I  (hall  therefore, 
for  the  prefent,  conclude  my  account  of  his  paper;  but  may 
not  perhaps  wholly  overlook  his  theories  upon  fome  future 
occafion. 


XIII. 

LeHer  from  Vtttftjfbr  Vsau-db*Launay  to  J.  C.  'D%va'- 

MBTHE&iB,  onftUmtuUing  Silver *m 

XjLS  it  is  at  all  times  ufeful  to  (late  fii£ts,  whatever  may  boAcddcntwidi 
the  reAilts,  I  think  it  right  to  inform  yoa  of  an  accident  which  ^^l<nm*^ 
occurred  in  my  laboratory. 

I  had  employed  one  of  my  pupik,  a  very  good  operator,  to 
prepare  a  fmall  quantity  of  fulminating  filver,  which  heexeoaled 
with  flciir. 

The  quantity  obtained  was  aboat  five  grains,  or  a  qoarter  of 
a  gramme:  it  was  depofited  in  a  cryftal capible about  twolioea 
in  thfcknefs.  He  had  taken  a  fmall  quantity,  about  half  m 
grain,  which  was  feparated  with  a  card,  and  then  dried,  and 

<*FFom  Jettnal  de  Phyfiqae,  &c.  Fkrsalt  An.  XII. 

aflerwardi 
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Hfterwards  detonated  by  (light  friflion.  Next  day,  that  U  (• 
fay  twenty-four  hourt  after  the  pireparaiion,  this  young  peffon 
was  deCroui  of  taking  an  equal  quantity  from  the  capfule  to  re- 
peal the  expcrinienl,  but  he  had  fcarcely  touthed  the  prepaiation 
with  the  corner  of  acard  when  a  violent  detonation  andexplo- 
fioti  took  place  in  the  capfule  »  hich  was  Ihaliercd  into  a  thou« 
fand  pieces.  His  face  was  covered  with  ihevaporifed  prepa> 
ration,  which  was  aimed  black,  anii  adhered  Arongly  to  the  (kin : 
his  eyes  experienced  a  Orong  fliock,  which  produced  extreme 
pain ;  the  opaque  cornea  became  red  and  inljanied.  Happily 
his  fear  was  the  greateU  evil :  by  waihing  and  bathing  his  eyei 
and  face  frequently  with  cold  water,  the  etTefls  of  the  detona< 
tion  were  foon  didipated. 

Fortunately,  none  of  the  fragments  of  the  glafs  had  touched 
his  eyes  or  his  face ;  they  were  thrown  nearly  in  a  horizontal  di- 
rection, to  a  conliderable  difiance :  Some  were  thrown  upwarda 
of  twelve  feel. 

At  the  efTed)  of  this  preparation  may  have  more  calamitoua 
confequenceii,  I  think  it  ufeful  to  be  guarded  againfi  (be  dani 
geri  which  it  may  occafion. 


SIV. 


Pyrotechnic  Ohfertauow,  vi'tih  their  .-Ipplkaiion  lo  eraporating 
FHTnaees*.  By  Cil.  Cuhaudau,  C'fne/pottiiing  Member  nf 
the  Apolhecariei  Society  nf  Paris,  and  Befidtnl  AJfocwle  at  tba 
AtheneuM  cfArts. 

OINCE  I  publiihed  my  obfervations  on  the  caufes  of  tbs 

_        .  imperfedions  of  evaporating  furnaces,  I  have  had  occafion  ta 

^^B  make  others  on  the  fame  fubjef),  the  application  of  which  may 

|^{  add  to  the  advantages  iit  their  conOru£iion  which  I  have  made 

W  w  known. 

DlWwntMfi  in     '"  ""y  ^'^  memoir,  I  proved  that  the  bottom  of  the  copper 

the  conftnifiion  'jo  (he  evaporating  furnacei,  not  only  obtirufts  the  elevation  of 

hr'i^'t"^     the  temperature,  but  alfo  diroinithes  the  adivity  of  the  fire,  and 

it  rather  favourable  to  the  gazilicalion  of  the  combuDible  body, 

than  to  its  oxigenation :  I  cited  the  lamp  of  Argand  with  it< 

*  From  Annilct  dc  Chimic,  No.  149,  Florea],  An.  Xll. 
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(laff  cbimnej,  as  an  example  of  the  neceffit/  of  raifing  the 

temperalare  roand  the  combiifiibley  whenever  a  compleat  and 

powerful  combaftion  is  required.     At  prefent,  I  (hall  take  the 

cnameUer't  lamp  as  an  example  in  fupport  of  my  new  obferv»- 

tions :  I  may  fay  that  I  am  indebted  to  the  examination  of  its 

efieds,  for  thofe  which  it  has  led  me  to  make.     In  hdL,  if  the  Efieai  of  die 

jet  of  the  flame  of  an  enaroeller's  lamp  be  examined,  it  will  be  ^^"J^gJlLf^ 

feoiid  that  the  inteniity  of  itsa^ioo  depends  on  the  current  of  Aiiaoi'sr 

air  which  is  direded  on  the  flame  of  the  wick  ;  it  will  alfo  be 

feeo»  that  it  is  only  at  the  extremity  of  its  jet  that  the  greateft 

energy  of  the  calorific  rays  exifts,  and  that  its  intenfity  it  fuch 

that,  by  means  of  this  lamp,  effe^s  may  be  produced,  which 

are,  comparatively^  as  powerful  as  Ihofe  obtained  in  our  bell 

furnaces. 

This  mode  of  adion  of  the  caloric  proves,  therefore,  that  its 
cfifeds  may  be  augmented,  by  augmenting  the  rapadity  of  its 
current,  and  by  dire^ing  it  (kilfuUy  upon  the  body  to  be  heat^.- 
Thefe  are  the  conditions  which  I  have  endeavoured  to  unite  iii 
my  new  conflrudion,  and  which,  agreeably  to  the  applicatkHi 
I  have  made  of  them,  are  employed  to  fupport  an.opinioQ  which 
required  an  experiment  on  a  large  fcale  to  efcape  being  placed 
in  the  clafs  of  hypothefes. 

Having  been  lately  confoUed  upon  the  conflrudion  of  aippfiedto' 
brewer's  furnace,  I  took  the  opportunity  to  fhow  the  great  ad-^*  *"••  ***^ 
vantages  of  the  alterations  which  my  obfervations  appeared  to 
roe  to  render  necefTary,  and 'to  induce  the  proprietor  to  conflru6t 
his  furnace  according  to  the  plan  I  fent  him. 

The  following  is  the  refult  of  the  experiments  which  were  Coflmriicm  eC 
made  to  afcertain  the  advantages  pofTefTed  by  the  new  furnace*^  '""**•• 
over  that  which  it  replaced. 

The  old  furnace  required  2}  hours  to  raife  the  temperature 
of  2300  litres  of  well-water  to  50^  of  Reaumur,  and  confomed 
in  the  operation,  which  was  repeated  daily,  625  kilogrammes 
of  new  dry  wood. 

The  prefent  furnace,  on  the  contrary,  confumes  only  450 
kilogrammes  of  wood  in  the  fame  operation,  and  is  only  one 
hour  in  railing  the  temperature  of  2500  litres  of  welUwater 
to  50^ :  Whence  itrefults,  that  this  new  conilru^ion  evident!/ 
makes  a  faving  of  -fi  in  time  and  nearly  one  third  in  the  com* 
buflible. 

Such 
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Such  advantages  appeared  lo  mi;  lo  be  olfulHcIent  ImpottancW 
to  dtferve  to  be  known,  and  to  uake  it  dcliiable  that  advan- 
tage any  be  taken  oF  a  new  procefa  which  will  have  great 
influence  on  the  economy  of  ihe  fuel  neceOary  in  mat 
tures. 

Defcription  of  the  Furmce.     Plate 

A.  Opening  of  (he  fire-place:  U  U  16  inchm  wide  and  13 
"'high. 

B.  Thit  part  of  llie  furnace  ref^nibles  a  vauli :  II  is  21f 
inclies  in  height.  3l^in  width,  and  ^  feet  in  depth.  To  add 
lo  tl)e  ell'ecl  produced  by  tlie  heat,  I  give  the  middle  of  the 
fire  place  a  depth  of  2  inche)  more  ihat  at  its  &dei,  which  maket 
it  preceplibly  concave. 

C.  An  opening  made  in  [he  middle  of  Ihe  vanlt,  and  wliicb 
is  intended  to  increafe  the  rapidity  and  tlie  ai^iun  of  lite  calo- 
rific rays;  it  it  5  inchei  high,  and  is  equal  in  Ihicknefs  lo  the 
vault.  In  its  lower  part,  this  opening  is  23;  inches  long,  and 
17^  wide;  and,  in  its  opper  part,  is  19^-  long,  and  13^  wide, 
which  gives  each  e^L^enIity  of  Lbe  opening  the  form  ot  a  fplic 
loid  whofe  longetl  axis  is  in  (he  dire&ion  ul  llie  length  of  the 
vault. 

D.  Tlie  diDance  of  the  copper  from  the  oriliie  for  the  lieat 
it  5  inches  in  the  middle,  and  is  re<lueed  lo  'I-,  at  the  an^le 
£,  which  gives  the  advantage  of  concentrating  the  ca  lor  ihe 
rays,  in  proportion  as  they  lofe  iheir  inlenflly  by  their  ex* 

From  the  angle  £  to  that  at  F,  there  is  a  diftance  of  15 
inches :  the  re-cnlering  angle  of  F  is  2  j  inches  from  the  cop* 
per,  and  its  faliant  angle  only  one  inch. 

G  and  H  are  angles  fimilar  to  Ihat  at  F.  but  which  are  1 1 
inches  diftant  from  each  other :  thefe  angles  may  be  ian]ii|ilied 
according  to  the  heiglit  of  tlie  copper.  Tlic  advantages  which 
they  give  confiR  in  making  the  caloriJic  Hream  nndergo  feveral 
breaks,  which  increafes  iheir  power  at  the  place  of  (heic 
deviation. 

I  is  an  opening  communicating  with  Ihe  chimney :  it  is  Ql 
inches  wide  and  5  inches  high.  At  Ihe  angle  H,  half  the 
circumference  of  the  furnace  Ihould  be  clofed  by  a  row  of 
bricks,  for  the  purpofe  of  forcing  tho  heal  to  direfi  ilfcif  Iroa 
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tlie  fide  op^oile  to  Ihe  chimney;  immediately  abcHFO  tbft 
Ofwrje  of  bricJub  tboTe  which  lucceed  mufi  be  removed  fosr 
inches  from  the  copper,  and  continue  fo  to  the  height  of  foar 
iaqhes;  afterwards  each  courfe  of  bricks  mail  be  brought 
nearer,  fo  that  this  referyoir  of  heat  may  be  clofed  at  the 
height  of  five  inches,  which  muft  be  done  round  all  the  cir* 
camfeKnce  of  the  copper. 

K  is  the  opening  of  the  chimney  :  it  nuft  be  three  deci* 
floetres  fqnare  through  all  its  height,  and  at  leaft  four  Hietres 
high. 

Li  is  a  blower  of  bammcGed  iron ;  it  is  one  metre  above  the 
oqiper,  and  ferves  to  open  or  clofe  the  chimney  at  pleafure. 

The  proportions  laid  down  in  this  plan  are  intended  for  m 
copper  four  feet  three  inches  wide  in  its  lower  part,  and 
forty  inches  deep. 


XV. 

An  Account  qf  a  curious  Phenomenon  obferved  on  the  Glatien  tf 
Ckamaw^ ;  together  mth  Jbme  occafional  Objhrvationt  eot^ 
ceming  the  Propagation  af  Heat  in  fluids.  By  BsKjAMiir 
Count  qf  RuMPORD,  F.  P.  R.  S.  Foreign  AffociaU  qf  the 
National  Jnjtituie  of  France,  ^c,  9fc.  * 
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N  an  ezcorfion  which  I  made  the  lad  fumroer,  in  the  month  Cylmdrfcal  p!t 


of  Anguft,  to  the  Glaciers  of  Chamouny,  in  company  withO"  •?**^**'.^ 
ProfeffiNT  Pidet  of  Geneva,  I  had  an  opportunity  of  obferving,  i^g  wau. 
on  what  is  called  the  Sea  of  Ice,  (Mer  de  Glace,)  a  phenome* 
non  very  common,  as  I  was  told,  in  thofe  high  and  cold  regionSf 
but  which  was  perA  &\y  new  to  me,  and  engaged  all  my  atten- 
tion. At  the  furface  of  a  folid  mafs  of  ice,  of  vaft  thickneft 
and  extent,  we  difcovered  a  pit,  perfedly  cylindrical,  about 
ieven  inches  in  diameter,  and  more  than  four  feet  deep;  quite 
fiiU  of  water.  On  examining  it  on  the  infide^  with  a  pole,  I 
iiMind  that  its  fides  were  polifhed ;  and  that  its  bottom  was  he* 
mifpherical,  and  well  deiined. 

This  pit  was  not  quite  perpendicular  to  the  plane  of  the 
horizon,  but  inclined  a  little  towards  the  fouth,  as  it  de» 

•  Phil.  Tranf.  1S04,  p.  23. 

fcended ; 
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fceiided ;  and,  in  confequ^nce  of  ihis  inclinalion,  its  moatFi 
or  opening,  ai  tlie  fur  face  ot  itie  ice,  was  not  circular,  but 
elliptical. 
ntj  ire  fre-         From  our  guides  I  learnt,  that  there  cylindrical  holes  are  fre- 
fMMljrmnd,    qaeniiy  fouiij  ,,„  ^f,^  level  parts  of  the  ice;  tliat  they  are Tormeil 
doring  llie  rummer,  increailng  gradually  in  deplh,  as  long  as 
the  liul  weather  coniinuei ;  bul  that  they  are  frozen  up,  and 
difappear,  on  (he  relurn  of  winter, 
Infemce  agi^nft      I  would  afk  thofe  who  maintain  thai  water  ii  a  condudor 
*'t^f'ww.  ***^  *■"''  ^°'^   "'^'^  P''^   "^  Ibroied?  On  a  foppofilion  that 
there  is  no  dired  communication  of  heal  between  neighbour- 
ing particles  of  that  fluid,  which  happen  to  be  at  different 
L  degrees  of  temperature,  the  phenomenon  may  ealily  be  ex- 

I  plained  ;  but  it  appeari  to  me  to  be  inexplioable  on  any  other 

I  fuppoliiion. 

Thequiefcent  maft  of  water,  by  which  the  pit  remains  con- 
I  flantly  filled,  muflneceHarily  beat  the  temperature  of  freezing; 

ifbr  it  is  furrounded  on  every  Gde  by  ice:  but  the  pit  goes  onto 
increafe  in  depth,  during  the  wliole  fummcr.  From  whence 
cumeH  the  heat  that  melts  the  ice  continually  at  the  bullom  &f 
the  pit  J  and  how  docs  it  happen,  that  this  licat  ads  on  the 
boUom  oi  the  pit  only,  and  not  on  its  fides  ? 
Solution  or  the  Thefe  curious  phenomena  may,  1  think,  be  explained  in  the 
tfita^Ae      following  manner:  The  warm  winds  which,  in  fummcr,  blow 

gnatcr  denBty  of  ,      r     .-  -   •  ■         •  r  -  i  i  /-         .      . 

water  above  itio.  ovcrllie  lurtaceot  this  column  ol  ice-cold  water,  mull  undoubt. 

edly  communicate  fome  fmall  degree  of  heat  to  ihufe  particles 

of  the  iluid  with  which  this  warm  air  comes  into  immediate 

^^^  conlafl  ;  and  the  panicles  of  the  water  at  the  lUrlace  fo  healed, 

^^^L  being  rendered  fpucilically  heavier  than  they  were  before,  by 

^^H  this  fmall  increafe  of  temperature,  fink  flowly  to  the  bottom  of 

^^^1  the  pit;  where  they  come  into  contaCi  with  the  ice,  andcommu- 

^^H  nicate  to  it  the  heat  by  which  the  depth  of  the  pit  is  continually 

^^H  increafed, 

^^^P  This  operation  is  exaflly  fimilar  to  that  which  look  pliice  in 

^^^  one  of  my  experiments,   {See  my  Ell'ay  on  the  Propagation  o( 

heat  in  Fluids,  Experimtnt  I7>)  <lie  rctuks  of  which,  no  perfon, 

to  my  knowledge,  has  yet  ej^plained. 

ConSiot  uin<        Tl>ere  is  another  very  curious  natural  phenomenon,  which  I 

pctituw  of  w».  (^uld  rtjih  lo  (lee  explained  in  a  faii^l'aflory  manner,  by  ihofc 

of  detp  likes,      who  ftill  refufe  their  allenl  to  the  opinions  I  have  been  led  to 

oSerid  in  (up-    adupt,  refpcSing  the  manner  in  which  beat  a  propagated 

fort  of  the  osn-        i  ■  =  « 
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in  fltidt.    Tii«  water  at  the  bottoms  of  aJl  deep  lakes  U  con-cnnduainf  pro- 
AmiU/  at  the  lame  temperature,  (that  of  41*  Fahrenheit,)  P*"^  °^  ^""*"' 
fammer  and  winter,  without  any  fenlible  variation.     This 
fiid  alone  appears  to  me  to  be  quite  fufiicient  to  prove,  that  if 
there  be  any  immediate  communication  of  heat  between  neigh- 
bouring particles  or  molecules  of  water,  dt  proche  tn  proche,  or 
from  one  of  them  to  the  olher,  that  communication  mud  be  fo 
cxtiMely  flow,  that  we  may  with  fafety  confider  it  as  having 
DO  esifience ;  and  it  is  with  this  limitation  that  I  beg  to  be 
nderfioodi  when  I  fpeak  of  fluids  as  being  non-condu6tors  of' 
liiaat. 

In  treating  of  the  propagation  of  heat  in  fluids,  I  have  hitherto 
confined  myfelf  to  the  invefligation  of  the  Ample  matter  of  fad, 
withoat  venturing  to  oflfer  any  conjcdures  relative  to  the  caufes 
of  the  phenomena  obferved.  But  the  refults  of  recent  experi- 
ments on  the  calorific  and  frigoriflc  radiations  of  hot  and  of  cold 
bodies,  (an  account  of  which  I  fliall  have  the  honour  of  laying 
belbre  the  Royal  Society  in  a  ibort  time,)  have  given  roe  fome 
new  light  rel'pedling  the  nature  of  heat,  and  the  mode  of  its  com- 
munication ;  and  I  have  hopes  of  being  able  to  (how  why  all 
changes  of  temperature.  In  tranjparent  liquids,  mud  neceflkrily 
take  place  at  their  furfoces. 

I  have  ieen  with  real  pleafure,  that  feveral  ingenious  gen- Notfce  of exfe- 
tlemen,  in  London,  and  in  Edinburgh,  have  undertaken  the^?^^ 
invefiigation  of  the  phenomena  of  the  propagation  of  heat  in 
fluids ;  and  that  they  have  made  a  number  of  new  and  inge- 
oioos  experiments,  with  a  view  to  the  farther  elucidation  of  that 
Bioft  interelting  fubjed.  If  I  have  hitherto  abflained  from 
taking  public  notice  of  their  obfervations  on  the  opinion  I  hav€ 
advanced  on  that  fubjeft,  in  my  different  publications,  it  was 
not  from  any  want  of  refped  for  thofe  gentlemen  that  I  re« 
mained  fiJent,  but  becaufe  I  ilill  found  it  to  be  quite  impolfible 
to  explain  the  refults  of  my  own  experiments,  on  any  other 
principles  than  ihofe  which,  on  the  mofl  mature  and  difpaf- 
fionate  deliberation,  I  had  been  induced  toaJopt ;  and  becaufe 
my  own  experiments  appeared  to  me  to  be  quite  as  conclufive 
(to  (ay  no  more  of  them)  as  tbofe  which  were  oppofed  to  them ; 
and,  hUUy,  becaufe  I  oonfidered  the  principal  point  in  difpute, 
lebtive  to  the  pafl^age  of  heat  in  fiaid%  as  being  (o  dearly 
eilablifbed  by  the  circumftances  attending  feveral  great  opera- 
tions of  nature,  tliat  this  evidence  did  not  appear  to  me  to  be  in 
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^^^^  dAiiger  of  being  invalidaled  by  concluliona  drawn  from  partial 

^^^p  and  imperfi^ft  experimenlt,  and  pariiciilarly  from  fuch  as  are 

^^^  allowed  on  all  hands  lo  be  exlremdy  delicalc. 

Heit  of  the  Tide)  In  all  our  alliL'ini>(i  to  caufe  licat  lo  deftend  in  liqiiiiU,  Ilic 
^'^ifc^ndin  '"^^*  unavoidably  communicaled  lo  (he  fides  of  the  containing 
Eiinencin  iver-velTel,  muS  occaGon  great  uiicerlainty  with  rcfpedlo  iherefulls 
fclofice.  of  iheeKpcrimant;  and,  when  IhalvelTcl  isconftrufledof  ice, 

llie  flowing  down  oF  the  water  refulting  from  the  thawing  of 
that  ice,  will  caufe  motions  in  llie  liquid,  and  confequently  in- 
accuracies of  (ill!  greater  moment,  as  1  have  found  from  my 
own  experience;  and,  when  therinomelersimmerfed  inaliquid, 
atafmalldiltance below ilsfuifjce,  acquire Iieal,  in confcq-jence 
I  of  a  iiot  body  being  applied  to  the  furface  of  the  liquid,  that 

event  is  no  decifive  proof  lliat  the  heal  acquired  by  the  Ihermo- 
L  meter  is  communicaled  by  the  lluid,  from  above,  downwardj, 

I  from  molecule  to  molecule,  rfe  proche  en  proche;  fo  far  from 

being  To,  it  is  not  even  a  proof  thai  it  is  from  the  fluid  that  the 
thermometer  receives  tlie  heal  wiiich  it  acquires;  for  it  is  pofii- 
ble,  for  aught  we  know  to  ihe  contrary,  that  it  may  be  occa- 
fioned  by  the  radiation  of  the  hot  body  placed  at  the  furface  of 
the  fluid. 
Reference  to  the     In  the  experiments  of  which  I  have  given  an  account,  in  niy 
«periinenM  of    ^(fgy  ^n  the  Propagation  of  Heat  in  Fluids,  great  roalTes, 
ftandiag  over      many  pounds  in  weight,  of  boiling  hot  water,  were  made  to 
'"=■  repofe  for  a  long  time  (three  hours)  on  a  cake  of  ice,  without 

melting  but  a   very   fmall   portion  of  it;   and,  on   repeating 
[  the  experiment  wilh  an  equal  quantity  of  very  cold  water, 

(namely,  at  the  temperature  of  H  °  Fahrenheit,)  nearly  twice 
as  much  ice  was  melted  in  the  fame  lime.  Jii  Ihefc  experi- 
ments, the  caufei  of  uncertainty  above  mentioned  did  not 
exift  :  and  ihe  refults  of  them  were  certainly  moft  Anklng. 

TiieconclufionswhichnaluraUy  flow  from  thoferefults,  have 
always  appeared  to  me  to  be  fo  perfe^Iy  evident  and  indifpuia- 
ble.  as  to  fland  in  no  need,  either  of  elucidation,  or  of  farther 

If  water  be  a  conductor  of  heat,  how  did  it  happen  that  ibe 
beat  in  the  boiling  water  did  not,  in  three  hours,  tind  its  wav 
"  downwards,  to  the  cake  of  ice,  on  which  it  repofed,  and  fron\ 
which  it  was  feparated  only  by  a  Aralum  of  told  water,  half  an 
inch  in  thickDefi  i 

I  With 
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I  wtfh  that  gentlemen  who  refufe  their  afTcnt  to  the  opinions  Reopltulitory 
1  have  advanced  refpe6ting  the  caufes^  of  this  curious  pheno- *'*""'*'* 
menon^  would  give  a  better  explanation  of  it  tiian  that  which  I 
have  ventured  to  ofTef.  I  could  likewife  wifh  that  they  would 
inform  us  how  it  happens,  that  the  water  at  the  bottoms  of  all 
deep  lakes  remains  conflantly  at. the  fame  temperature:  and, 
above  all,  how  the  cylindrical  pits,  above  defcribed,  are  formed 
in  (he  immenfe  mafles  of  folid  and  compad  ice  which  compofe 
the  G!aciers  of  Chamouny  ! 

A  remark;  which  furprifed  me  not  a  little,  has  been  made  by  Notice  of  one  ie« 
a  gentleman  of  Edinburgh,  (Dr.  ThompfonJ  on  the  experi- "^J^p^^* 
ments  I  Contrived,  to  render  vifible  the  currents  into  which  ' 
liquids  are  thrown  on  a  fudden  application  of  heat,  or  of  cold. 
He  conceives,  that  the  motions  obferved  in  my  experiments, 
among  the  fmall  pieces  of  amber  which  were  fufpended  in  a 
weak  folution  of  potath  in  water,  were  no  proof  of  currents 
exifling  in  that  liquid;  as  they  might,  in  his  opinion,  have  been 
occafioned  by  a  change  of  fpecific  gravity  in  the  amber,  or  by 
air  attached  to  it.  I  am  forry  that  fo  mean  an  opinion  of  .my 
accuracy  as  an  obferver  (hould  have  been  entertained,  as  to 
imagine  that  I  could  have  been  fo  eafily  deceived.  For  nothing 
furely  is  eafier,  than  to  didinguifh  the  motion  of  a  folid  fuf- 
pended in  a  liquid  of  the  fame  fpecific  gravity,  which  is 
carried  along  by  a  current  in  the  liquid,  from  that  of  a  body 
which  defcends,  or  afccnds,  in  the  liquid,  in  confequence  of 
its  relative  weight,  or  levity.  In  the  one  cafe,  the  motion  is 
uniform;  in  the  other,  it  is  accelerated.  In  a  current,  the  body 
may  be  carried  forward  in  all  directions,  and  even  in  curved 
lines ;  but,  when  it  falls  in  a  quiefcent  fluid,  by  the  a^ion  of 
gravity,  or  rifes,  in  confequence  of  its  being  fpecifically 
lighter  than  the  fluid,  it  muft  neceifarily  move  in  a  vertical 
diredion. 

The  fa£l  Is,  that  I  very  often  obferved,  in  the  courfe  of 
my  numerous  experiments,  the  motions  of  fmall  particles  of 
matter,  of  different  kinds,  in  water,  which  Dr.  Thompfon 
defcribes ;  but,  fo  far  from  inferring  from  them  the  exiftence 
of  currents  in  that  fluid,  their  caufe  was  fo  perfe6tly  evident, 
that  I  did  not  even  think  it  neceflary  to  make  any  mention  of 
them. 

I  cannot  conclude  this  Paper,  without  requefling  that  the 
Royal  Society  would  cxcufe  the  liberty  I  have  taken  in  troubling 

P  2  them 
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fbem  wilb  thefe  remarks.  Very  defirous  of  avoiding  every  fpV' 
cies  of  aUercatton,  - 1  have  hitherto  cautioufly  abflained  from 
engaging  in  literary  difputes ;  and  I  (hall  mod  certainly  endea- 
vour to  avoid  them  in  future. 

I  am  refponfible  to  the  public  for  the  accuracy  of  the  account* 
which  I  have  publiflied  of  my  experiments;  but  it  cannot  rea* 
fonably  be  expected,  that  I  (liould  anfwer  all  the  objections  that 
may  be  made  to  the  conclufions  which  I  have  drawn  from  them. 
It  will  however,  at  all  limes,  afford  me  real  fatisfadion  to  fee 
my  opinions  examiqed^  and  my  miftake^  corrected;  for  my  firft 
and  mod  earneR  wi(h  is^  to  contribute  to  the  advancement  of 
ufeful  knowledge* 


XVI. 

Account  qf  two  Sketches ;  viz.  one  for  a  perpetual  Motion^  and 
the  other  qf  a  Jointed  Parallel  Rule,  which  hoi  no  fide  Deviation, 
In  a  Letter  from  R.  B. 


To  Mr.  NICHOLSON. 
SIR, 


I 


Perpetual  mo^  X  was  much  gratified  feveral  years  ago  by  fome  elfays  with 
InAe  Phllofo-  ^^*^^  y®"  obliged  your  readers  upon  the  perpetual  motion.  In 
phjcal  Journal,  the  firft  volume,  p.  375yof  your  quarto  feries,  I  find  an  account  of 
feveral  fchemes  (neceflarily  abortive)  for  producing  perpetual 
motions  by  the  action  of  gravity,  and  in  your  third  volume,  I 
find  an  account  of  various  methods  of  keeping  up  the  motion 
0^  a  machine  by  means  of  the  changes  which  take  place  in  the 
barometer  and  thermometer.  I  have  ventured  to  fend,  you  the 
fketch  of  a  project  for  a  perpetual  motion  of  the  latter  kind, 
which  has  long  remained  among  my  memorandums.  You  will 
fee  that  it  is  not  of  the  clafs  of  perpetual  motions  properly 
ipeaking,  but  merely  the  application  of  fome  exiding  intermit- 
tent motions  in  nature  to  the  purpofe  of  maintaining  the  rotation 
of  machinery.  If  you  Hiould  hefitate  about  inferting  this,  I 
jhink  the  other  (ketch  which  accompanies  it  of  an  ufeful  in- 
ftrument,  cannot  fail  to  meet  your  approbation. 
Defcrip'.Mof  *       Fig,  1,  Plate  XII,     A  reprefenls  the  marine  barometer  of 

wheel  kcp:  in      H^ji^y    but  varied  by  the  addition  of  a  veflcl  B  at  the  open 
motion  by  the  •  .  i     •  i        /i    •  j  r 

marme  birome-  end,  in  which  the  water  or  other  fluid,  expofes  a  furface  nearly 
^''  equal 
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equal  to  that  in  the  clofed  veflfel  A.  Thefe  two  velTels  are 
connedled  by  a  long  boriisontal  tabe  G.  It  is  evident  that  any 
change,  either  in  the  preflfure  of  the  external  air  or  the  elaflicity 
of  the  internal  air,  will  caufe  the  fluid  to  run  along  the  tube, 
and  add  to  the  weight  of  A  or  of  3  according  to  circumflances. 
The  heavier  veflel  will  preponderate ;  but  it  will  be  prevented 
from  defcending  too  ^  by  a  ftop  or  bearing  to  which  it  will 
arrive.  Any  change  in  the  inclination  of  G  will  move  the  at- 
tached lever  C  D  ;  by  means  of  which,  one  of  the  two  hori« 
xontal  racks  will  be  made  to  pufh  round  that  ratchett  wheel  into 
which  its  teeth  &11,  at  the  fame  time  that  the  other  rack  will  be 
drawn  backwards  upcm  its  wheel.  The  oppofile  adlion  will 
drive  forward  the  other  wheel ;  and  as  both  thefe  wheels  are 
fixed  on  the  fame  axisf  the  fyflem  will  be  driven  the  fame 
way  by  ev^ry  change  of  denfity  or  weight  in  the  air  that  takes 
place. 

The  other  indrument.  Fig.  3,  is  a  parallel  rule  which  isAccmuitofa 

fraiMd  without  any  Aiding  work,  and  opens  to  a  much  greater  "^^""^ 

extent  than  ufual,  without  any  fide  deviation.     I  do  not  know 

the  inventor;  but  it  was  communicated  to  me  by  a  private 

hand.     The  jointed  parts  are  reprefented  in  Fig.  2%  and  the 

dimenfions  are  exprefTed  by  the  fmall  numerals.     From  the 

joint  D  to  the  joint  £  upon  the  bar,  C  £,  the  difhince,  is  = 

1 ;  from  the  joint  £  to  the  joint  A,  =  2;  from  the  joint  A 

to  the  joint  B,  =?  3 ;  and  from  the  joint  B  to  the  joint  D|  == 

4 ;  which  is  alfo  equal  to  the  part  D  C  of  the  Bar  £  C.     Now 

it  is  found,  and  I  muft  leave  the  mathematical  proof  to  your 

readers,  that  the  point  C  moves  by  the  opening  from  B  (upoa 

which  it  lies  when  (hut)  in  a  Arait  line,  very  nearly  at  right 

angles  with  B  A.     From  this  property  it  is  eafily  feen,  that 

two  parallel  rules,  having  the  fyAem  of  four  bars  fixed  to 

each,  and  connefted  as  in  the  figure,  will  be  moveable  without 

fide   deviation,    and  will    preferve   their  paraNelifm    in  all 

fituatioDS. 

I  am  Sir, 

Your  obliged  humble  ferv^t. 


FamUiar 
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FamiUar  Account  of  the  Method  of  ejtimating  the  Value  qf  a 
Steam^Engine  in  Horfe^Powers  as  they  are  called.  By  a  Corre^ 
JpondaU, 

To  Mr.  NICHOLSON. 
SIR, 

fntrodoQory       l\S  your  excellent  Journal  is  (he  repofitory  for  ufeful  informa- 
l**^»  lion,  whether  fcientiiic  or  pradlcaly  I  have  thought  I  (hould  oblige 

many  manufa6lurers  and  others  of  your  readers,  by  fending  you  a 
very  clear  report  about  horfe-powers,  which  a  friend  of  roine 
has  communicated  to  me,  and  was  received  by  him  from  an 
eminent  chara6ter  in  anfwer  to  an  enquiry  profeflionally  made. 
It  clearly  appears  from  this  paper,  tliat  the  calculation  by 
horfe-powers  mull  be  fallacious,  unlefs  engineers  could  agree  as 
to  the  quantity  of  work  they  would  arbitrarily,  in  the  firft 
indance,  afcribe  to  one  horfe;  and  then  theexpreflion  would  be 
nugatory.  And  not  only  fo,  but  it  would  not  then  be  true  that 
the  value  of  a  Heam-engine  in  work,  however  clearly  exprefll 
ed  in  quantity  per  day,  would  be  fairly  (hewn,  unlefs  the 
v^ages  or  food  of  the  working  being  were  taken  into  the  ac- 
count. Coals  may  be  (liled  the  food  of  a  fleam-engine,  and  no« 
tiling  is  more  evident  than  that,  if  two  engines  raife  equal  quanti- 
ties of  waterier  hour,  but  confume  different  quantities  of  coal, 
they  will  not  be  equally  beneficial  to  the  proprietors.  I  would 
therefore  propofe,  that  the  eflimate  fliould  be  made  by  attend- 
ing to  thefe  two  particulars  only,  and  faying  nothing  about 
horfes,  at  leafl  in  fpecific  arguments  intended  to  have  legal 
eBTeds :  And,  as  a  fupplement  to  the  fads  and  obfervations 
contained  in  the  report,  I  will  add,  that  one  of  the  bed  en- 
gines of  Boullon  and  Watt,  has  been  known  to  raife  between 
28  and  30  millions  of  pounds  of  water  to  the  height  of  one 
foot  with  one  bufhcl  of  good  coals,  which  appears  to  be  an 
outfide  meafure ;  and  that>  though  there  are  fubfequent  im- 
provements both  in  the  conflrudton  of  furnaces  and  the  work- 
.ing  gear,  yet  there  are  fome  among  late  engines  which  fall 
.ilK)rtof20  millions. 

I  am.  Sir, 

Your  conftant  reader, 

E.  T. 

Bepoft 


UOaSB-POWERS    OP   A    ST£AM-KNG1NE.  f2] 

'Rtpart  concerning  the  Power  of  a  Steam^Engine  ereded  by  Con» 

traQ  at  ♦  *  ♦  •. 

IT  is  required  toaelermine  whether  the  fleam-engine  erected  Steam  engia 
at  •  ♦  ♦  ♦  by  Mr.  — ,  be  equal  to  the  power  of  (ixteen  *  ♦  ♦  ♦• 
borfes.     The  fame  has  a  cylinder  of  2 1  ^  inches  diameter^  and 
gives  23  double  Arokes  per  minute^  of  four  feet  each. 

In  .anfwer  to  this  quedion  it  mufi  be  previoufly  remarked^  Rcafdn  why 

that  Aeam-eniiines  having  oric^inally  been  recommended  and  ***««"§*»« 
•*  »         o         y  have  been  co 

iabfiitated  inftead  of  horfes,  the  method  of  computing  by  the  pared  with 
number  of  thofe  animals  intended  to  be  fupplied  by  means  of  ^^^^'* 
this  inventioni  has  been  generally  applied,  though  it  is  much 
left  certain  and  accurate  than  other  methods  well  known  to 
nedmnical  men.     The  uncertainty  of  calculating  by  horfe-ItUanuncer 
powers  arifes  from  various  caufes ;  fuch  as  the  great  differ-"*'^* 
ences  of  ability  between  the  (Irongand  heavy  horfes  ufed  in  Lon- 
don, and  thofe  of  not  half  (he  (Irength  ufed  in  various  parts  of 
the  country  \  the  greater  or  lefs  degree  of  fpeed  during  work ; 
the  quantity  of  re-a^ion  againfl  which  they  are  urged  to  pull ; 
the  fliorter  or  loiter  time  of  work  ;  their  food,  ftabling,  &c. 
&c.     And  this  uncertainty,  as  may  eafily  be  conceived,  is  fo 
great,  that  the  words  liorfe-power  cannot  praAically  be  ap- 
plied,  otherwife  than  to  denote  a  certain  quantity  of  mechanic 
fffed  agreed  upon  and  under  flood   between  engineers,  and 
muft  not  be  underftood  to  denote  any  elementary  meafure, 
Capable  of  being  worked  out  or  inferred  within  any  reafonable 
fir  ofcfiil  limits,  from  the  real  power  of  the  horfe  himfelf. 

It  therefore  follows  of  neceffity,  that  the  engine  mud  be  Wordt  horfe- 
examined  by  firit  dating  its  mechanic  effca ;  that  is  to  fay,  ^^'^^^^  * 
bow  many  pounds  weight  it  is  capable  of  raiting  through  aquantityof 
given  fpace  in  a  given  time,  that  is  to  fay,  through  the  height  *^^* 
of  one  foot  during  one  minute,  and  then  dividing  this  fum  by 
the  like  eded  producible  by  one  horfe,  according  to  the  date- 
meats  and  practice  of  engineers  of  the  drd  reputation.     I  con- 
fine royfelf  to  Med*.  Boulton  and  Watt,  Dr.  Defaguliers  and 
Mr.  Smeaton. 

The  pradice  of  Med*.  Boulton  and  Watt  is,  to  consider  ft  Qaantities  of 

horfe  as  capable  of  raifing  a  certain  weight,  which  is  dated  to  y^^^'j'  P*'  ^^^ 
,      •  ■  ,  .J  r     *  L  •   1    •  .  by  Boulton  an 

be  of  32000  pounds  avoirdupois,  one  toot  high  m  one  mmute.  watt»  Dth^* 

PefaguUers'  refuUs  brought  to  the  fame  formj  give  27500  li^  u^  So^ 

pounds  I 
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pounds;  and  Smeaton's  22916  pounds,  under  the  fame  cir« 
cumftances.  The  lowed  of  thefe  performances  are  more  than 
equal  to  the  average  power  of  a  horfe  employed  in  hufbandry 
for  eight  hours  per  day. 
A  fteaneii$uie  If  the  diameter  of  the  cylinder  be  multiplied  by  itfelf  (21  f 
computed.  X  21  J),  the  produA  will  give  446|  round  inches  for  the  whole 

furface :  and  Smeaton  reckons  the  effedtive  or  working  pre(^ 
fure  per  round  inch  on  the  atmofpheric  engine,  at  feven 
pounds  avoirdupois.  It  is  ufual  to  reckon  the  working  preC* 
fure  on  a  clofe  engine  (like  that  in  quedion),  at  10  pounds 
the  round  inch ;  but  I  (hall  firfl  take  the  feven  pounds  at 
being  againfl  the  builder :  So  that,  by  multiplying  the  round 
inches  4*461  by  7,  we  have  3123|  pounds  for  the  weight 
raifed.  But  the  (Irokes  are  23  of  four  feet  double  per  minute, 
that  is  to  fay,  184  feet.  Multiply  the  weight  3123^  by  the 
height  184,  and  the  produ6t  574760  will  be  the  mechanic 
effect  of  the  engine,  or  the  number  of  pounds  it  will  raife  one 
foot  high  in  one  minute.  Laftly,  Divide  this  by  Boulton  and 
Watt's  horfe-power  (^^$i|5),  and  the  quotient  nf|,  er 
very  nearly  18,  will  exprefs  the  power  of  the  engine  in 
horfes. 

If  we  follow  Defaguliersy  the  engine  will  prove  eqital  to  2| 
horfes. 

And,  according  to  Smeaton,  its  power  will  be  equal  to  2f 
horfes. 

If  we  had  taken   the  prelTure  at    ]0  pounds  per  round 
inch,    the    powers    would   have  proved   much   greater,    at 
below. 
St«m  engine  '"  ^^^  above  calculations  the  horfes  are  fuppofed  to  be 

cjn  work  trcWe  fairly  worked,  and  the  engine  is  fuppofed  to  be  (lopped  as 
*'*^*'  foon  as  the  horfes  leave  off".     But  an  engine  can  work  the' 

whole  24  hours ;  and  Smeaton,  confidering  that  three  (etts  of 
horfes  muft  be  kept  to  work  conAantly  for  the  fame  lime, 
reckoned  a  fleam  engine  to  be  equivalent  to  three  times  as 
many  horfes  as  could  equal  its  rate  of  working.  The  follow* 
ing  table  will  (hew  the  powers  of  this  engine,  according  to  all 
thefe  feveral  methods : 
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£xpermaUs  proving  the  Nec^lHty  qf  atmojpherical  Oiigen  in  the 
Proceft  of  F^etation.    In  a  Letter  from  Mr.  Job  v  Govgr. 


To  Mr.  NICHOLSON. 


SIR, 


Ur.  Prieftlej  and  M.  logenboafz  have  made  many  experi^  Jtefleftiov  «a . 
OMnti  with  plants,  confined  in  azote;  from  which  philofophen  f*"'^  ?P^* 
have  inferred,  that  vegetables  diiler  from  animals  in  not  re<}Dir«  kind. 
ing  the  prefence  and  fapport  of  atmofpherical  oxigen.    One 
etrcamftanee  however  ocean  in  all  thefe  experiments,  if  mj 
memory  be  corre6t,  which  renders  the  conclufion  doubtful: 
the  plants,  ufed  in  them  were  in  contadl  with  the  water  that 
confined  the  asote  in  the  inverted  jars,  through  the  medium  of 
which  they  had  evidently  the  fame  indiredt  communication 
with  the  atmofphere  that  fifties  are  known  to  require* 

With  a  view  to  throw  fome  additional  light  upon  this  dit  Eaperifaentt  ea' 
putable  point  in  the  vegetable  economy,  I  determined  to  fur-  ["ku"!^"^^^^* 
round  certain  fucculent  plants  entirely  with  azote;  which  pof- 
fefs  the  fingular  property  of  vegetating  when  fufpended  by  the 
tO0ts  in  dry  air.  My  method  of  performing  this  con  fids  in  fixi* 
tng  the  fubjeA  of  the  experiment  by  means  of  a  thread,  to  a 
fmall  perforated  board,  flanding  on  a  pillar,  which  wa^  fur. 
niOied  with  a  foot  of  lead.  The  plant  being  thus  fecured,  was 
introduced  through  water  into  a  glafs  jar  of  azote;  where  it 
was  wholly  furrounded  by  the  gas. 

Exp,  !•  The  firll  experiment,  I  made  in  this  manner,  wasExperincBtfvit 
tried  in  June  I  SOD.    A  plant  of  fedum  acre  was  furrounded  by  '^^J^  ^ 
azote  when  it  was  ready  to  expand  its  flowers,  and  another 
was  placed  befide  it,  under  a  fimilar  jar;  which  contained 

S  coaiiDOii 
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.  common  air*    The  latter  fpecimen  flowered  very  well;  hnt 
the  former  died  away  wilhout  opening  one  of  Its  bloflbms. 
With  tbe  dvoc       Exp,  2.  The  event  was  (he  fame  when  I  made  ufe  of  a 
'm  flower.  branch  of  this  fedum  already  in  flower;  for  the  plant  withered 

and  did  not  (bed  its  petals;  which  is  contrary  to  (he  ufual  b»-, 
bits  of  (his  vegetable^  when  it  is  left  to  the  impulfes  of  nature 
unthwarted  by  art. 
With  bflini  Exp.  3.  Several  plants  of  fedum  acre  were  alfo  confined  ia 

fiiiiKMdfem-  j^rs  filled  with  azote  lafl  fpring^  before  the  flower  buds  .were 
fervivum  te^lo- formed  upon  them:  not  one  ofthefe  attempted  to  vegetate; 
*"■*•  on  the  contrary  they  all  withered  in  the  courfe  of  four  or  five 

weeks.     This  was  not  the  cafe  with  other  fpecimens^  which 
were  placed  bcfide  them  upon  fimilar  flandsj  under  jars  con- 
taining common  air  and  flanding  in  water;  for  they  remained- 
green  and  vigorous,  after  the  former  were  dead ;  they  had 
moreover  produced  a  number  of  purple  filaments  fprrnging 
from  the  Italic;  which  is  cohfiantly  done  by  (he fedum  acre^ 
wlien  fufpended  by  the  roo(s.     I(  is  proper  to  remarki  that  the 
air  of  the  la(ter  fet  was  trequendy  changed,  with  a  view  (o  keep 
it  near  (he  flandard  of  (he  atmofphere.     The  Jbmpervivum  tec*- 
iorum  did  not  oflfer  to  vegeta(e  when  treated  in  (he  fame  man^ 
ner  by  being  confined  in  azote;  btt(  it.^[^eared  to  be  more  te- 
nacious of  life  under  this  kind  of  treatments  than  the  fedum 
acre. 
Inference  from       '^^®  preceding  experiments  induced  roe  (o  conclude,  at  (hf> 
thcfeexperi-      time  of  making  them,  (hat  the  welfare  of  fucculent  plan(s  re- 
**''*^  quires  them  to  be  expofed  (o  (he  atmofphere,  and  that  (hey 

'  cannot  grow  when  furrounded  by  azote,  nor  even  preferve  tiie 
vegetative  principle  in  it,  for  an  indefinite  length  of  time. 
Seedt  and  bulbs      ^  h^LVG  flicwn  in  the  fourth  volume  of  the  Manchefler  Me- 
in  the  fame  pre- moirs,  thai  feeds  and  bulbs  are  not  lefs  indebted  for  their  prof- 
perity  to  the  agency  of  oxigen,  than  fucculent  plants  appear 
(o  be  from  the  prefent  letter.     Thus  it  is  manifefl  that  the  far- 
ther we  carry  our  refearches  into  the  nature  of  organized  bodies* 
(he  greater  is  the  number  of  thvm  ;  which  are  found  to  be  m*- 
capable  of  performing  their  natural  fun6lions»  when  deprive4 
of  refpirable  air;  but  as  the  truth  of  this  maxim  remains  to  be 
extended  experimentally  to  vegetables  of  a  lefs  humid  confli- 
tution,  than   the  fedum s,   the  following  fa^  may  be  related 
with  propriety. 
Experiment  Exp.  4.  A  diminutive  plant  of  ceraftium  vulgalum  was  placevi 

wadr  with         ^^  ^^  ^3^1^  ^f  February,  180  k  upon  a  (land  covered  with  a 
renftniiD  vutga*  -^  ^  «. 

ei/w,  2  flic9 
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flice  of  wet  fponge;  it  was  then  pat  under  an  inverted  jar^ 
containing  common  air,  and  ftanding  in  water.  This  plant 
encreafed  confiderably  in  bulk  in  the  courfe  of  20  da^rs;  be« 
itdes  which  it  had  taken  root  In  the  fponge;  it  was  (herefoie 
transferred  into  a  jar  filled  with  azote;  bat  this  change  of  cir. 
cumftances  put  a  (top  to  vegetation ;  for  the  herb  made  no  far- 
ther ad  vances,  but  withered  away. 

Exp,  5.  In  order  to  diverfify  thefe  experiments  as  much  as  with  pl^ttta 
poffible,  I  took  a  number  of  phials,  having  narrow  necks,  and  *??  «pnf«A 
filled  them  with  water,  which  was  either  procured  from  fnow, 
or  deprived  of  air  by  boiling.  Proper  plants  being  then  placed 
in  the  bottles,  they  were  introduced  quickly  through  water 
into  jars  filled  with  azote;  under  which  circum fiances,  all  mj  « 
fpecimens  died  away  fooner  or  later  without  making  one  effort 
to  vegetate.  The  herbs  ufed  on  thefe  occafions  were  the  com- 
mon garden  fpear-mint  and  the  draco-cephalum  Moldavicum ; 
both  of  which  vegetate  freely  in  bottles  of  water  expofed  to 
the  atmofphere.  I  alfo  treated  in  the  fame  manner^  a  branch 
of  Lyfimachia  vulgaris,  which  was  ready  to  flower;  it  de« 
dined  gradually  for  a  month,  but  never  opened  one  bloflbm; 
though  it  is  an  aquatic  plant  and  flowers  very  well  in  jars  of 
water.  It  may  here  be  remarked  once  for  all,  that  vegetables 
die  v%ry  (lowly  in  azote,  provided  they  are  fupplied  with  water 
deprived  of  air;  but  if  my  experiments  may  be  relied  on,  all 
their  natural  funftions  ceafe  in  thefe  circumflances,  as  foon  as 
they  are  removed  from  the  atmofphere. 

Exp,  6.  The  lofs  of  energy  experienced  by  plants  confined  PI»ti  dieia 
,.,.       .J  ^  .         r    r  ...  atote  for  want  «r 

m  mephitic  air,  does  not  appear  to  ante  from  an  injurious  qua-  i^j^j,  proptr 

|ity  of  the  gas,  but  from  the  want  of  the  falutary  ftimulus  of  ftimulus. 

oxigen;  for  a  flip  of  fpear-mint,  which  had  remained  twelve 

days  in  a  glafs  of  azote,  recovered  upon  being  reflored  to  the 

air,  with  the  lofs  of  its  lowed  leaves  only;  and  an  ofil'-fet  of 

fempervivum  vegetated  freely  after  being  removed  from  a  jar 

of  the  fame  gas  in  which  I  had  kept  it,  from  the  2nd  of  April 

to  the  2nd  of  May,*  flanding  in  a  bottle  of  fnow  water.     Thefe 

fields  feem  to  argue,  that  vegetables,  treated  in  the  manner  de- 

fcribed  as  above,  fuffer  a  fpecies  of  torpidity,   from  which 

they  may  be  recalled  by  the  pretence  of  atmofpherical  air,  pro* 

vided  the  re-admiflion  of  this  neceflary  agent  be  not  delayed 

too  long;  in  which  cafe,  the  plant  perifhes,  in  confequenceof 

the 
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ttie  continued  inaftivity  of  ils  organs^  and  the  fermenlation  of 

its  juices;  which  Is  occafioned  by  the  fufpenfion  of  ell  iU 

funAions* 

Swcaiuitpltnts      This  fluid  fo  neceflary  to  the  prooefs  of  \'egetation,  is  evi« 

aUKhjor  rrom  Gently  ahforbtrd  from  the  atmofphere  by  fucculent  plant<«  bulbs, 

hat  dry  ones       ^^^  &  variety  of  feedst,  when  properly  moidened ;  for  they  will 

tea  water*        all  vegetate  freely  in  open  fituation^;  but  the  following  ev* 

periment  feems  to  prove  that  trees,  (hrubs  and  the  Icfs  juicy 

herbs  derive  air  from  water,  as  fiQies  do. 

Exp.  7.    I  introduced  the  lower  extremities  of  different 
flantst  or  more  properly  of  the  branches  of  different  plants, 
into  phials  filled  with  water,  and  after  luting  the  necks  with 
wax,  I  funk  the  bottles  in  pots  of  water,  fo  as  to  leave  the 
foliage  of  the  plants  expofed  to  the  fun  and  furrounded  by  the 
atmofphere.      The  evaporation  caufed  by  the  aflion  of  the 
light  drew  the  water  out  of  the  bottles,  and  the  air  defcending 
at  the  fame  time  through  the  fubflano:e  of  the  plants  prevented 
»  vacuum  being  formed  in  thefe  dofe  veflels.     This  fa£l  had 
nearly  perfuaded  me,  that  vegetables  poifefs  a  faculty  analogoas 
lo  refipiration;  but  when  I  repeated  the  experiment  with  phi* 
als  perforated  in  the  bottom,  they  remained  full  of  water.  This 
circumftance  (liews  the  refpiratian  in  queflion  to  be  merely  ac* 
eidental  and  to  be  occafioned  by  the  necks  of  the  bottles  being 
kited;   on  ihe  other  hand  it  is  highly  probable,  that  air  enters 
the  vefTeis  of  vegetables  in  conjundion  with  water.     Here  it 
k  decompound,  in  confequence  of  the  Aimulus  given  to  the 
vegetative  principle  by  its  prefcncc ;  the  azote  is  afterwards 
adlmulated  into  the  fubflance  of  the  plant,  while  the  oxigen  is 
rejected  either  wholly  or  in  part.   This  gas,  after  its  expulfion 
flows  into  the  mephitic  air,  contained  in  the  jars,  the  volume 
of  which  is  thereby  augmented,  and  its  quality  improved  ;  but 
I  will  not  venture  to  fay,  that  the  two  gaf^  form  a  new  che« 
mica!  coo: pound  on  thcfe  occafions. 

JUcepdon  to  the  ^^P'  ^'  ^  ^^  acquainted  with  a  tingle  exception  to  the  ge* 
general  rule  that  neral  rule  that  air  is  requifite  in  the  procefsof  vegetation.  For 
^nts  pc^uire      ^hg^  plants  have  withered  in  azote  iliey  become  mouldy;  that 

is,  in  the  language  of  botany,  they  are  covered  with  the  ma- 
cor  mucedo.  The  worms  which  inhabit  the  decayed  livers  of 
iheep,  &c.  furniQi  us  with  a  parallel  inflance  in  the  animal 
kingdom;  and  the  invefligation  of  thefe  fingular  anomalies 
forms  a  difficult  problem  in  the  natural  hiflory  of  organized 
bodies. 

The 


' 
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The  fentiments  contained  in  this  letter,  are  oppolite  to  the  Tte«a«y  mr. 

common  notions  relative  to  the  nature  of  vegetation,  and  fo  ^^^^^ 

manifell  a  departure  from  efiabliflied  opinions  may  be  thought 

to  require  an  apology.     The  j unification  of  my  condud  how* 

ever  appears  in  the  body  of  the  eflay.    The  experiments  are 

related  with  an  attention  to  circumftances;  which  will  enable 

almoft  any  perfon  to  repeat  them ;  and  (hould  fome  philofo- 

pher  undertake  to  do  it,  his  labours  will  eith^  edabliOa  my 

opiaions,  or  confirm  the  contrary  dodrine,  by  the  refutationef 

tiiem.     There  is  one  omiifion  in  the  detail  of  thefe  expert* 

ments;  I  have  negledled  to  remark,  that  the  term  azote  fignt- 

fies  nothing  more  than  comtAon  air  deprived  of  oxigcn  by  ibe 

fulphuret  of  potafh  or  the  martial  paHe  of  fulphur^  but  roope 

frequently  by  the  former.     The  determinalion  of  tlie  quedioa 

is  of  foroe  moment,  not  only  to  natural  hidory,  but  perhaps  to 

agriculture  alfo ;  and  I  could  wifl]  it  to  be  refumcd  by  a  phiIo> 

fopher»  whole  advantages  are  fnperior  to  my  contracted  powers 

of  obfervation  and  imperfect  apparatus.     Should  any  maa  eif 

(cienoe  undertake  the  talk,  I  would  recommend  the  fedum  acre 

to  bis  notice;  becaofe  the  filaments  which  fpriiig  from  the 

flalL  of  this  plant  in  common  air  afjord  a  criterion  whereby  the 

j^ogrefs  of  fimilar  fpecitnens  confined  in  azote  may  be  ob- 

ferved  and  afcertainecU 

JOHN  GOUGH, 

Middltjkaw, 
0aober2V,   1804-. 


aClENTffiC  NEWS,  ACCOUl^T  OF  BOOKS,  6^£. 
Frothing  of  Oil  by  EU6trlcity. 

1  Vi\L  anonynAus  author  of  fume  eledrical  experiments  com- 
mtinicated  to  Van  Mons  the  following  fa6t,  from  whofe  Journal 
1  tranflal^  it/  He  was  making  an  experiment  to  afcertain  the 
cooduding  quality  of  oil,  fur  which  pnrpofe  he  had  filled  one 
third  pert  ot*  the  length  ot  a  tube  with  the  oil  of  Col£i.  The 
tube  was  three  feet  long  and  half  an  inch  in  diameter,  having 
itsdofed  end  drawn  out:  The  open  eatremity  wasfecnred  b/ 
acork,  through  which  a  needle  was  tiiruii ;  and  over  the  cork 
^•aa^4»atiii(  of  wajc  to  prevent  the  oil  faun  tcanfudrng .    Tfie 

tube 
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lobe  being  then  placed  on  tvro  infulating  fupports,  and  (he 
needle  turned  towards  the  part  rood  remote  from  the  machine* 
the  tube  was  (lightly,  inclined,  in  order  that  the  oil  might  run 
down  to  that  part  of  its  capacity  which  was  neareft  the  prime 
condudor.  He  then  put  the  machine  in  a6Uon,  and  with  great 
furprife  obferved  the  oil  gradually  to  enter  into  a  (late  of  ebul- 
lition ;  beginning  at  the  furface  and  fpeedily  acquiring  a  (late 
of  efiervefcence  perfeftly  refembling  that  of  fparkling  Cham* 
paigne.  Upon  opening  the  tube,  a  gas  efcaped  with  violence, 
which  the  author  did  not  colle6t,  but  which  well  deferves  to  be 
CKamined.  This  aAive  etedlrician  intends  to  fubjed  the  difier* 
ent  vegetable  and  mineral  acids  to  the  adion  of  eledricity  by 
the  fame  procefs. 


Native  Magnefta, 

GIOBERT  has  found  that  a  white  earth  con(idered  as  pure 
alumine  and  employed  at  Turin  in  the  fabrication  of  porcelain, 
contains  0,80  of  magnefia.  Van  Mons. 


Gny*s  Experi-   The  Experienced  MilUwright;  or  a  Treatife  on  the  ConfiruBion  of 
enced  MUl-  ^,;,^  Qf  if^^  mojl  ujeful  Machines,  with  the  lateft  Improvements. 

To  which  is  prefixed  a  fiori  Account  qf  the  general  Principles 
of  Mechanics  and  of  t/ie  Mechanical  Powers,  lllujtratedwith 
forty  Engravings.  By  Andrew  Gray,  Millwright,  very  large 
quarto,  73  Pages  qf  Letter  Prejh,  of  the  fante  Size  as  the 
Engravings. 

THE  author  is  a  pradical  mechanic,  who  has  been  up- 
wards of  forty  years  employed  in  creding  different  kinds  of 
machinery;  and  the  greateft  part  of  the  Defcriptions  in  this 
Work  are  of  Machines  which  he  has  either  planned  or  fuper- 
intended  their  conftrudion.  Thefe  Drawing  being  accurately 
made  to  fcale,  are  not,  as  he  remarks,  to  be  confidered  as  me- 
chanical fpeculations,  always;  doubtful  till  fubjeded  to  adual 
experiment,  but  as  cafes  of  pradical  knowledge,  theeffedsof 
which  have  been  fully  tried  and  long  approved  ;  moll  of  them 
being  ftill  employed  for  the  purpofes  of  their  original  fabrication. 

Previous  to  his  Account  of  the  Machines,  this  author  gives 
a  popular  Treatife  on  Mechanics,  in  (ix  different  chapters,  be- 
ginning with  General  Principles  and  Definitions,  which  are  fol^ 

lowed 
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-lowed  by  Emanations  of  Simple  Engines^  called  the  Mechop 
nical  Powen.-  Thefe  are  fucceeded  by  an  Account  of  tiie 
EfTeds  of  Fri6lion,  and  the  bc(l  Method  of  applying  thofc 
Mechanical  lowers.  Pradical  Diredions  tor  deiigning  and 
concluding  the  Parts  of  Machines  are  in  the  next  placegiven  ; 
and  lafily,  the  author  treats  on  the  Strength  of  Machines,  the 
relative  Velodty  of  their  Parlsi  and  the  leading  Do6trines  which 
are  necelfary  to  be  attended  to  in  ihe  erecting  of  Water-Mills. 

The  Machines  of  which  Meafurcd  Plans,  Elevations  and 
Sedions  are  given,  are;  A  coniiderable  number  of  Thra(hing 
Machines,  to  be  drawn  ciihvr  by  Water  or  by  Horfcs,  willi 
the  Elevation  of  a  Wind-mill  to  turn  Machinery  of  this  De- 
fcription;  one  Snuff  Mill ;  two  Sheeling  Mills;  feveralCorn, 
-Barley,  Malt,  and  Flour  Mills;  one  Oil  Mill;  one  Flax  Mill; 
one  Paper  Mill;  one  Saw  Milt;  one  Fulling  Mill;  Bleaching 
Machines,  Beetling  Machines,  and  various  Pumps. 

Thefe  Drawings  and  Defcriptions  will  no  doubt  prove  of 
high  value  to  tlieman  of  buiinefs;  though  it  is  perhaps  to  be 
regretted  that  the  fame  attention  to  junior  ftudents  which  is 
difplayed  in  the  introdudory  treatife,  is  not  as  fully  (liewn  by 
explaining  the  relative  operations  and  etfeds  of  the  parts  of 
thefe  machines  in  the  defcriptions  which  accompany  the  draw- 
ings. 


Pra£tical   Ohftrvatiom  concerning  Sea  Bathing;  to  uhich  are 

addedf  Remarks  on  the  Ufe  of  the  Warm  Bath.     5y  A.  P. 

Buchan,  M,  D.  of  the  Roj/al  College  of  PhjjjL'ians,     London, 

CroKn  8vo,     207  Pages, 

•    IN  the  early  ftages  of  human  fociety,  when  the  occupa-  Buchanonfca 

tions  of  man  led  him  to  (Irong  exercife  in  the  open  air,  it  is   *    "*' 

probable  that  his  health  may  have  been  chiefly  impaired  by  the 

fortuitous  occurrences  of  his  mode  of  life,  and  the  dired  wear 

of  his  organs  engaged  in  the  grofs  and  adive  labours  of  his  life. 

It  is  probable  that  he  may  have  felt  liltle  of  Ihofe  difeafes 

which  the  cla(G(ication  and  habits  of  a  refined  and  luxurious 

fociety  have  introduced.      Neither  mental  fatigue,   nor  the 

anxious  and  inccifant  labour  of  crowded  cities  could  have 

operated  upon  his  powers,  nor  was  he  fubjeded  to  the  miferies 

of  indolence,  repletion,  and  the  lidlefs  want  of  motive  which 

beoamb  the  iacuUies  of  the  rich.     Thefe  are  the  prices  which 
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i^KhiD  on  fea    by  our  ntimetout  miftakes  w«  are  compelled  to  pay  br  the  fa^ 
"^^  perior  enjoy roen(s  which  an  enlightened  fiate  of  (bciety  caa 

afford  to  thofe  only  who  poflefa  the  virtue,  the  condtt6l»  and 
the  good  forlune  to  know  and  to  acquire  them.  Among  the 
mofi  oppreflife  of  thefe  confequenceij  no  doubt,  it  the  lofs  of 
health;  and  while  we  make  facrifices  to  what  we  .imagine  lo 
be  our  welfare^  it  becomes  us  occafionally  to  interrupt  our 
.ufual  train  of  habits,  to  unbend  the  mindi  give  repofe  lo  the 
fyftem,  and  recover,  by  aif  occaiional  change  of  our  occupa- 
tions, thai  vigour  which  (ameneTs  of  porfuits  and  confinement 
feldom  fail  (o  impair. 

One  of  the  meant  at  prefent  much  refocted  to  iii,  to  repair 
.to  Ihe  fea-coad  ;  partly  with  a  view  to  enjoy  a  fcene  which, 
by  its  impreflive  magnitude  And  the  numerous  changes  it  un« 
dergoes,  cannot  bat  be  highly  intercfiingi  but  ptinripaIFy  with 
the  intention  of  bathing  in  the  fea.  Bathing  isceclaioly  of  the 
greateft  benefit  in  many  cafes,  and,  like  every  oilier -practice 
capable  of  drongly  afie6king:the  human  frame,  it  mud  alfo,  in 
•otiier  cafes  be  capable  of  operating  to  the  injury  of  the  health. 
We  have  no  direA  general  treatife  on  this  fttbje€l;.'aiid  to  give 
the  rcquiiile  information  to  individuals  by  which  they  may  fafely 
«Dd  judicioufly  regulate  themfelves  requires  fomewfaat  miMn  •' 
than  mere  medical  ftill.  The  prefent  work  abounds  with  in» 
'ierel}ii1;g  fn6l.^  and  tlear  deductions  and  is  written  with  that 
candid  fpirit  of  philofophical  remark  which  fhews  an  intimate 
acquaintancii  with  the  moral  as  well  as  the  phyfical  conditronp 
of  our  exiflence,  and  the  accidents  to  which  we  are  expofed. 
i  am  much  niif^aken  if 'any  one  who  begins  to  read  this  work 
will  be  difpored  to  quit  it  withoot  perufing  (lie  whole;  and 
there  are  few  who  can  have  fo  extenfively  confidered  the  fub* 
jc6t,  or  who  are  To  little  concerned  in  its  difcuiTion  at  tint  to 
derive  advantage  frooi  the  many-  points  of  inforuiation  it  cciil 
tjkins. 
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DECEMBER,     180+. 

ARTICLE    L 

DefiripHon  pf  a  Tubular  Paidulum  ;  havir^  all  the  Properties  tjf 
the  Gridiron  ;  but  bein^  more  compa^  as  xvell  as  morefteady  in 
fh  Motions.  In  a  Letter /rem  Mr,  Edward  T&ou  g  rton, 
the  Invenior» 

To  Mr.  NICHOLSON. 
Dbah  Sr&« 

HiVER  (ince  the  commencement  of  your  Journal,  I  havcAdvintiget  of 
often  thought  of  rcgiflering  therein,  the  improvements  which  J^^^J^I^ 
I  frequently  make  in  adronomical  and  other  infiruments.     No  philofephicai 
man  perhaps  had  ever  a  greater  antipathy  to  writing  than  my- *^*'*''*'* 
felf,    and  drawn  as  I  am  into  the  vortex  of  buGnefs,   and 
working  with  my  own  hands  from  nine  to  twelve  hours  in  a 
day,  leaves  roe  but  little  time  for  literary  purfuits ;  yet  in  one 
who  values  himfelf  on  account  of  the  originality  of  his  ideas, 
it  mufl  feem  flothful  not  to  commit  them  to  the  prefs,  which 
until  that  is  done,  are  like  flowers  or  fruit  growing  fencelefs 
by  the  way  fide,  which  every  one  that  pafles  by  may  gather.  . 

I  always  confidered  the  pendulum  of  a  clock  more  faitable  Pendttlumt  far 
to  our  ftilc  of  workmanfliip  and  habits  of  thinking,  than  ^o^^^Z^d^ 
thofe  of  any  other  dcfcription  of  ariifls;  and  agreeable  to  tli is  mathematical 
idea,  I  have  made  pendulums  near  twenty  years,  and  I  own  ^o^kmin. 

Voi,.IX.-*Dbcemjikr^  1804.  Q  the 
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the  fubjed  is  ftill  agreeable  to  me,  being  yet  unincumbered 
with  patents,  the  reafon  of  whitii  no  doubt  is,  that  the  feiir 
wanted  holds  out  no  profped  of  gain. 
TobuUr  pcndiu     Under  thefe  ci  ream  (lances,  1  ofTer  you  the  following  de- 
fcription  of  my  tubular  pendulum,  which  I  contrived  about  the 
middle  of  lad  July,  and  which  I  have  juft  brought  into  adtion. 
The  honourable  mention  which  you  made  of  my  mercurial  pen- 
dohiUi  {Phil.  Jourtsal  for  May  1797)  the  excellent  papers  «vhidl 
you  have  at  diflferent  times  given  to  the  public  on  this  fubjed^, 
and  its  importance  to  pradical  fcicnce,  efpecially  aftronomy, 
leave  me  no  room  to  doubt  but  this  communication  will  be 
agreeable  to  you. 

It  may  here  be  proper  to  remark  that  the  nature  of  this  pen- 
dulum is  by  no  means  new ;  it  is  of  the  gridiron  kind,  and  al- 
though extremely  unlike  it  in  outward  appearance,  is'  only  a 
new  fpccies  of  that  genus.  Without  further  introduction,  I 
will  now  proceed  to  give  a  brief  defcription,  with  reference 
to  the  accompanying  fketches,  and  then  conclude  with  a  few 
general  remarks. 

Fig.  1.  and  2,  Plate  XIII.  drawn  to  a  fcale  of  one  eighth  of 
the  real  dimeniions,  exhibit  the  fliape  of  the  whole  inftrument, 
in  which  the  parts  of  action  being  completely  concealed  from 
view,  it  appears,  excepting  the  ufual  fufpenfion  fpring,  to  be 
made  of  folid  brafs.  The  firft  of  thefe  figures  gives  a  front 
view,  the  latter  (hews  it  as  feen  edge  wife.  This  figure  of  the 
bob  is  ufeil  more  on  account  of  its  being  eafy  to  make,  and 
fightly,  than  from  any  other  confi derations;  it  is  made  of  onfc 
piece  of  brafs,  about  7  inches  diameter,  2,5  thick  at  the  centre, 
and  weighs  about  15  pounds  avoirdupoife:  the  front  and  back 
furfaces  are  fpherical,  with  a  thick  edge  or  cylindrical  part  be- 
tween them.  Tiie  apparent  rod  is  a  tube  of  brafs,  Hiewn  In 
both  figures  to  reach  from  the  bob  nearly  to  the  top ;  this  con- 
tains another  tube  and  five  wires  in  its  belly,  fo  difpofed  as  to 
produce  altogether  (like  the  nine-bar  gridiron  of  Harrifon) 
three  expanfions  of  fteel  downwards,  and  two  of  brafs  up- 
'wards;  whofe  lengths  being  inverfely  proportioned  to  their 
•  dilatation,  when  properly  combined,  dedroy  the  whole  ef- 
fedl  that  either  metal  would  have  (ingly.  The  fmall  vtHbie 
part  of  the  rod  near  the  top,  is  a  brafs  tube,  whofe  ufc  is  t6 
cover  the  upper  end  of  the  middle  wire,  which  is  here  tingle, 
and  otherwife  unfupported. 

5  Reckohing 


Defenption  of 
the  tabular 
pendulum  by 
the  drawing. 


Rec^koning  fcom  the  lop  the  firdaftipn  is  downwards,  andDefcription  q| 
confifts^f  the  fpring,  a  (hort  wire  0,2  diameter,  and  a  long  p^^^^lo^  1,^ 
wire.P|i  diameter;  ihcfe  all  of  ileel  firmly  conne^ed,  reach  the  drawini, 
<ioi¥n  within  an  mch  of  the  centre  of  the  bob,  and  occupy  the 
middle  line  of  the  whole  apparatus.    To  the  lower  end  of  the 
middle  branch,  it  faAened  the  lower  end  of  the  interior  brafs 
tube,  0»6  in  diometer,  which  terminates  a  little  (hort  of  the  top 
of  the  exterior  tube,  and  produces  the  fird  dilatation  upward^. 
From  the  top  of  the  interior  tube  depend  two  wires  0, 1  dia- 
meter, wiiofe  (ituation  is  in  a  line  at  right-angles  to  the  fwing 
of  the  pen4ulura,  and  reach  fomewhat  lower  than  the  attached 
tube  ilfelf,  which  they  pais  through  witiiout  touching,  and  ef« 
feGt  the  Cecond  expantion  downwards.   The  fecond  adion  up- 
wards is  gained  by  the  exterior  tube,  whofe  internal  diameter 
juft  allows  the  interior  tube  to  pafs  freely  through  it :  its  bot- 
tom isconne6)ed  with  the  lower  ends  of  the  lad  defer ibed  wires. 
To  complete  tiie  corrcdion,  a  fecond  pair  of  wires  of  the  fame 
diameter  as  the  former,  and  occupying  a  poCtion  at  right  angles 
to  them,  ad  downwards,  reaching  a  little  below  the  exterior 
t^lbe,   having  alfo  paded   throui^h   the  interior  one  without 
touching  either.     The  lower  ends  of  thefe  wires  are  faHened 
to  a  ftuMTt  cylindrical  piece  of  brafs,  of  the  faqie  diameter  as  tha 
exterior  tube,  to  which  the  bob  is  fufpended  by  its  centre. 

fig.  3.  is  a  full  ii^e  fedion  of  the  rod,  in  which  the  three 
concentric  circles  are  dcHgncd  to  reprefent  tlie  two  tubes,  and 
the  redangular  poGtion  of  the  two  pair  of  wires  round  the  mid- 
dle one^  are  ihewn  by  the  five  fmall  circles.  By  copying  this 
arrangement,  from  the  elega/it  confirudion  of  your  own  half 
feconds  pendulum  (Piiilf.  Journal  for  Augufl,  1799)  I  avoided 
much  trouble,  which  mufl  have  occurred  to  me*  unlefs  indeed, 
I  had  been  impelled  on  the  fame  idea,  by  the  difficulty  of  con- 
triving the  five  wires  to  ad  ail  in  a  row,  with  fuificient  free* 
dom  and  in  fo  fmall  a  fpace.  i^u^.  4.  explains  the  part  which 
cloTes  the  upper  end  of  the  interior  tube:  the  two  fmall  cir- 
cles are  the  two  wires  which  depend  from  it,  and  the  tliree 
large  circles  fl)ew  the  holes  in  it,  through  which  the  middle 
and  other  pair  of  wires  pafs. 

Fig.  5.  is  defigned  to  explain  the  part  which  (lops  up  the 
bottom  of  the  interior  tube,  the  fmall  circle  in  the  centre  is 
where  the  middle  wire  is  fadened  to  it,  the  others  the  holes  for 
Ihp  other  four  wires  to  pafs  through,    fig,  6.  is  the  part  which 
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clofes  the  tipper  end  of  the  external  tube,  the  Iirge  oircTe  ifi 
llie  centre  ic  the  place,  where  the  brafs  coverinj^  for  the  opp^r 
part  of  the  middle  wire  is  inferted,  and  tlie  two  fmall  circlet 
denote  the  faflening  for  the  wires  of  the  lad  expanlioil.  fig.  7 
reprcfents  the  bottom  of  the  exterior  tabe,  m  which  the  fmall 
circles  (hew  the  faflening  places  for  the  wires  of  the  fecond 
expanfion,  and  the  larger  ones  the  holes  for  the  other  pair  of 
wires  to  pafs  through.  Fig.  8.  is  a  cylindrical  piece  of  brafs, 
which  (hews  how  the  lower  ends  of  the  wires  of  the  lafl  ex* 
panfion  are  fadened  to  it,  and  the  hole  in  the  middle  is  that 
whereby  ii  is  pinned  to  the  centre  of  the  bob.  The  fafiening 
of  the  upper  ends  of  the  two  pair  of  wires  is  done  by  fcrew* 
ing  them  into  the  pieces  which  (lop  op  the  ends  of  the  tubes, 
but  at  the  lower  ends,  they  are  all  fixed  as  reprefented  in  Fig.  8. 
I  have  only  to  add  to  this  defcription,  that  the  pieces  repre- 
fented by  Fig»  7  and  8,  have  each  a  jointed  motion^  by  meaoA 
of  which  the  fellow  wires  of  each  pair  would  be  equally 
(Iretched,  although  they  were  not  exadlly  of  the  fame  length* 

In  the  apparatus  thus  conneded,  the  middle  wire  will  bo 
ftretched  by  the  weight  of  the  whole;  the  interior  tube  will 
fupport  at  its  top  the  whole  except  the  middle  wire:  the 
fecond  pair  of  wires  will  be  (Iretched  by  all  except  the  mid- 
dle wire  and  interior  tube;  the  exterior  tube  fupports  at  its  top 
the  weight  of  the  fecond  pair  of  wires  and  the  bob,  and  the 
fecond  pair  of  wires  arc  (Iretched  by  the  weight  of  the  bob 
only. 

Thefirft  pendulum  which  I  made  of  (he  tubular  kind,  had 
only  three  fteel  wires,  and  one  tube  above  the  bob;  that  is  two 
expan(tons  down  and  one  up;  and  the  quantity  which  one 
of  braft  fall*  fliort  to  corredt  two  of  ileel,  was  compenfated  for, 
by  extending  ihofe  branches  of  the  rod  below  the  bob,  and  bring- 
ing up  an  external  tube  to  which  the  bob  was  affixed.  There 
is  an  aukwardnefs  in  this  conftru6tion,  owing  to  the  rod  reach- 
ing about  1 3  inches  below  the  lower  edge  of  the  bob,  other- 
wife,  it  is  not  inferior  to  the  one  drd  defcribed. 

The  principles  of  the  gridiron  pendulum,  I  believe,  have 

'never  been  queflioncd,  indeed  they  cannot  be;  the  difficulty 

of  conftruding  it   ftrong  enough   to  prevent  lateral  flexure 

in  the  lifting  bars^  and  confequent  friction  in  the  hole*;  of  the 

diflferent  crofling  pieces  neceflary  to  bind  it  together,  which 

occafion  it  to  a6l  by  flarts,  has  been  the  only  obdadc  io  pre* 

vent  its  geu^ral  application  to  the  bed  clocks. 

Ta 
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To  remedy  this  evil  I  contrived  the  one  here  treated  of,  and  r^VJ^JJ^ 
in  my  own  judgment^  have  fucceeded  as  near  perfedion  at^^^ 
any  effort  of  mine  ever  did.  The  labes  are  drawn  flraight 
and  r^ular  in  an  engine,  in  the  manner  that  wire  is  done : 
and  their  flrength  afliire  fuccefsi  preventing  the  poffibility  of 
any  fenfible  bending,  while  the  freedom  of  adion  prevents  any 
irregular  motion  whatever. 

I  have  no  farther  quarreled  with  my  own  conHruftion  of  the  Troaghtoii*t 
mercurial,  pendulum,  the  principles  of  which  are  faulllefi,  and  ^^^'{^  p^a 
form  elegant;  than  that  it  is  quite  unfit  for  carriage,  and  an  but  not portiyUe. 
article  too  hasardous  for  me  to  deal  in;  but  after  all,  candour 
obliges  me  to  give  the  preference  to  the  original  one  of  Gra- 
ham, which  on  account  of  feme  fenfelefs  criticifms  about  one 
part  taking  heat  fooner  than  another,  evaporation  oi  the  mer- 
cury, &c.  was  too  had ily  laid  afide*     Graham  undoubtedly  Gnham^t  pen- 
made  his  pendulum  before  the  expanfions  of  cither  brafs  or  "'**»"»  W^^*** 
mercury  were  accurately  known ;  but  an  ingenious  friend  of 
mine,  has  from  the  bed  experiments,  computed  the  different 
parts  to  mathematical  precifion,  and  introduced  it  a  fecond 
time  Co  the  world ;  and  already,  thccc  are  not  wanting  proofs 
of  its  pradical  excellence. 

Smeaton's  pendulum  with  tubular  bob  is  a  good  one,  but  Snetcoo't 
on  account  of  the  glafs  rod,  like  my  mercurial  one,  is  totally  J^*ly  ^'  "** 
ttoHt  fur  tranfportation,  and  like  Graham's,  h  unfightly;  while 
ail  three  labour  under  the  unavoidable  difadvantage  of  not 
being  applicable  to  the  pyrometer  in  their  compound  and  pen- 
dant ffate* 

I  am  about  to  conHruft  a  pyrometer  fit  to  try  the  tubular 
pendulum  in  its  finifhed  (late ;  a  pin  fixed  in  the  centre  of  of- 
cillation,  fhall  be  contrived  to  a6l  on  a  nice  fpirit  Jevel,  and 
ffaew  the  expanfion,  if  any,  in  angular  meafure:  by  which  I 
fhall  be  enabled  to  adjufl  it;  for  I  have  no  idea  of  adjafiing 
one  by  the  going  of  a  clock,  that  complicated  apparatus  wiU 
always,  I  fear,  have  too  many  errors  of  its  own,  to  be  u fed  as 
a  criterion  of  the  merits  of  this  more  perfect  inflrument. 

I  will  here  fubjoin  the  lengths  of  the  different  parts  of  to- Dimenfioos  aa4 
bular  pendulums  in  inches;  alfo,  the  expanfions  of  brafs  »^d R^^SfL^rfriST 
Heel  from  which  I  computed  them.     The  length  of  the  inte-tubohr  ptndtt* 
rior  tube  is  31,9,.  and  that  of  the  exterior  one  32,8,  to  yrhich'^"'^ 
mud  be  added  0,4  the  quantity  which  in  this  pendulum,  the  ,*    « 

centre  of  olcillation  i>  higher  than  the  centre  of  the  bob|  ihefe 

aU 


M  of  brats.  Tht  (mrts  Which  ftrfe  of  (leel  ttf^  the  miMIe  wif«« 
including  b,6  the  length  of  the  fufpenfion  fprio^,  i9/39,S,  firft 
bptnilontor  P*'f  ^^  wires  32,5,  and  the  fecqnd  pair  33,2.  Froiii  cxpcri- 
iffiif  aii4  fteeL  ments  which  I  tried  in  the  fear  1794,  I  found  my  brafs  to  ex« 
pand  with  60*^  of  heat  t),00O640  on  an  inch,  and  my  fteel 
0,0003^66.  Smeaton  obtained  under  tire  fame  cirCumftances 
0,00064-44'  for  brafs,  and  0,0003833  for  fteel.  Roy  found 
brafs  to  expand  0,0006316  and  fted  0,0003816. 

The  above  lengths  computed  from  my  expanfiom  ^^^iH  I'thmk 
fee  found  very  correfl ;  if  they  are  tried  by  Smeaton's;  the  pen- 
dolom  will  feem  to  err  in  excefs,  or  gain  with  heat,  about  0^,9 
a  day  with  60®  of  Fahrenheit;  if  Roy*s  be  ufed,  Jl  will  err 
alfo  in  eJKcefs,  under  the  fame  circuniflances  fomething  more 
than  one  fecond.  The  above  (tatement  (hews  with  what  care 
experiments  of  this  kind  ought  to  be  conducted.  All  the  dt-> 
menfions  are  given  in  inches  and  decimals* 

If  my  pyromelrical  experiments  turn  out  fuccefsful,  they 
may  likely  be  the  fubjed  of  another  communication ;  and  I 
will  referve  till  then  my  reafons  for  giving  the  preference  to 
tny  own  expanfions  in  the  contiruflion  of  the  inflrument  here 
defcribed;  for  this  letter,  being  twice  as  long  as  I  firft  intended^ 
(hall  now  be  concluded  by » 

Dear  Sir, 

Your  obliged  and  obedient  Servant, 
EDWARD  TROUGHTON. 
November  3,   1804. 


II. 

Letter,  from  W.  Jess  op,  ffy,  on  an  Imjyrovafient  in  the  Procefi 
qf  blafiing  Rocks  uit/i  Gun-powder. 

To  Mr.  NICHOLSON. 
SIR, 

•JLF  I  am  cornrounicBting  to  you  what  you  already  know,  you 
Will  aceeptas  an  apology  for  it  that  it  i&  not  generally  known, 
«hd  will  be  inlercfting  to  all  who  are  concerned  in  mining  olr 
bla fling  rocks  with  gunpowder. 
ITfiitl  proedl  of     The  ofnal  procefs,  after  drilling  a  hole  and  charging  it  with 


*^^       -^o^der,  is  to  introduce  a  ivire  or  fmail  iron  rod,  to  prcferve  a 

com- 


BLASTING   OF   ROCKS.  ^| 

oomoiimication-wilb  the  fuze,  and  then  to  r^m  up  the  re- 
miMnder  of  the  hole  with.  Hone  puIVerized  by  the  operation  of 
^-amming  it;  after  which  the  wire  is  withdrawn  and  the  prim- 
ing introduced. 

This  is  a  tedious  operation*  often  attended  with  danger^  and  >>  tedioof,diB« 
frequently  the  labour  and  powder  is  loft  by  the  priming  hole  J^^  '*** 
being  obftruded  in  ftriking  out  the  wire  with  a  hammer. 

I  had  been  informed  that  inftead  of  this  tedious  operation^  Look  £uid  pro* 
the  blading  had  been  effe€led  by  introducing  a  ftraw  filled  with  I»*^  "»««•*  of 
fine  powdery  and  then  filling  the  hole  with  loofe  fand. 

I  hardly  could  believe  this,  conceiving  that  the  part  where 
there  would  be  the  lead  refiilence  would  firft  yield  to  the  ex- 
plo(ion«  and  therefore  that  the  loofe  fand  muft  of  courfe  be 
blown  out. 

But  in  the  month  of  Auguft  lad  I  tried  the  experiment  in  SucAdt  qf  &• 
fome  very  hard  rock  at  Fortwilliam  and  it  completely  fuc-  «*P«™*'**^ 
ceeded :  I  fince  ihen  have  tried  it  on  the  lime  rocks  at  Briftol 
with  the  Gune  efifed. 

A  few  days  (ince,  wifhing  to  know  how  fmall  a  quantity  of  Oak  to  indwt 
fand  would  produce  the  effecl,  I  caufed  a  hole  of  l|  inch  inf^'J?^*^. 
diameter  and  12  inches  deep,  to  be  bored  in  a  knotty  piece  4)f  charge  of  3 
oak  of  about  20  inches  in  diameter  and  charged  it  with  three  "*"*«  uad» 
inches  of  powder,  and  upon  that  four  inches  of  fand,  intend- 
ing (as  I  fuppofed  that  muft  be  blown  out)  to  repeat  the  quan- 
tity of  fand  inch  by  inch  to  the  quantity  that  would  be  fuffi- 
cienti  but  to  my  great  furprize,  it  fplit  the  piece  with  great 
violence  into  fix  pieces. 

I  then  repeated  it  on  a  fimilar  log  of  oak,  with  a  charge  of  The  faaie 
two  inches  of  powder,  and  three  inches  of  fand;  it  fplit  Uie™|*'*™*** 
piece  in  two,  and  fent  half  of  it  into  the  air  to  the  diftance  of  ' 

forty  yards. 

I  think   it  may  puzzle  a  philofopher  to  account  for  this:  I  ConjeAore  ti  t» 
have  fuppofed  that  the  fand  in  contact  with  the  powder,  firft 
moving,  the  particles  wedge  each  other  fa  ft  before  the  motion 
has  time  to  be  communicated  to  the  whole. 

I  have  reafon  for  thinking  that  a  much  lefler  quantity  ef  Left  powder 
powder  will  produce  the  effeft  in  this  way  than  by  the  common  k!I  jJjScd  in 
method;  for  as  it  lies  loofe  in  its  chamber  and  makes  itfelf  this  waj. 
more  room  by  a  little  yielding  of  the  fand,  the  whole  will  take 
fire,  and  efpecially  if  when  half  the  charge  is  put  in,  the  ftraw 
be  introduced  and  then  the  other  half  charge^  fo  that  it  may 
take  fire  in  the  middle  of  the  charge. 

Thkt 


$X^  MtfClLAGINOUS    MATTER. 

'"^  ^^  3d «    '^^^  *^  '*"^ '''"  ^'•^^  '^  ^*"^*'  ^  ^*""'^  ^  *°*^  "^^  ^™" 

1^'  having  charged  a  tube  of  tm  14  inches  in  length  and  1|  diam* 

eter,  with  three  inches  of  powder ;  on  exploding  it  inimerfed 

in  water,  {  found jSr^  incheiof  the  tube  abruptly  cut  off,  while 

the  remainder  was  uninjured,  but  I  do  not  confider  this  in- 

.  ference  as  decifive. 

For  want  of  time  I  was  prevented  from  trying  how  much  lefi 

than  three  inches  of  fand  would  have  been  Aifficient. 

I  am.  Sir, 

Your  mod  obedient, 

W.  JESSOP. 
London  Coffse  Houjh, 

Nov.  S,  ISOi. 

Aduntof  ^'  ^*  Might  not  this  be  ufeful  on  the  evacuation  of  a  ibrta 

find  wMUd  pr*-  in  deftroying  cannon,  inllead  of  the  ineffe^ual  mode  by  fpik- 


IlL 

On  the  MueilagMOia  Matter  qf  certain  Vegelabkf,  and  their  Ufe 

a$  a  SubfiUutefor  Gum  Arabic:  by  Mr,  Thomas  Willis  ; 

being  a  Continuation  of  Experiment.^  made  upon  the  Subjed  by 

^\  Aim,  in  Addition  to  thofe  formerly  pubUJhed  in  the  Tranjhdiong 

of  the  Society  of  Arts* 

Letter  to  CH \KLES  TAYLOR,  Ffq. 
SIR, 

Mucilagiiiotis  i-  HAVE  taken  the  liberty  of  prefenting  to  the  Society  for 
powders  from  the  Encouragement  of  Arts,  &c.  fpeci mens  of  the  powder  of 
^^  '  vernal  fquills,  of  white  lily-roots,  and  of  falop,  for  iheir  con- 

iideration  and  trial.  I  believe  the  bulbs  of  the  vernal  fquill 
will  be  found  to  be  equally  ufeful  as  thofe  of  the  hyacinthus 
non«fcriplus;  and  the  llrong  mucilage  from  (lie  white  lily -root 
and  tlie  falop  much  more  fo. 

As  gum-arabic  has  been  at  times,  during  the  lad  war,  above 
'     sol,  per  cwt.  the  multiplication  of  ditlerentfubOances  that  will 
anfwer  the  fame  purpofe,  will  aifurediy  be  an  objed  of  a  very 
interefting  nature  to  manufadurers  in  lime  of  war. 

♦  Extraaed  from  their  Tranfaaions,  Vol.  XXI.    The  former 
txpcrinaeats  are  in  our  Journal,  YII.  30. 

I  have 


WVCILAGIKOVS   MATTtR.  jQS 

I  liave  fent  all  the  powder  of  white  Uf-ffuor  1  had  left;  bat 
an  at  the  prtfent  time  dry wigimt^  taken  from  the  frarden  two 
or  three  days  agei  At  Toon  as  it  is  powdered,  I  will  lend  yoii 
a  hrgt  quantity  of  it. 

lam.  Sir, 

Your  mofi  obedient  Servanf , 
THOMAS  WILLIS. 
Afarch  24,   1 803. 


SIR, 

FROM  the  candour  and  approbation  my  paper  on  the  ofii 
of  the  hyacinthus  non-fcriptus,  as  a  fubftitute  for  gum-arabic, 
m  fome  trials  in  calico-printing,  met  with  from  the  Society  for 
the  Encouragement  of  Arts,  &c.  I  refplved  to  purfue  the  fub- 
je^  further;  and  now  offer  the  following  obfervations  for  your 
consideration,  in  hope  that  trials  may  be  made,  that  will  be 
found  to  be  of  general  benefit. 

Having  frequently  obfervcd,  in  old  gardens,  that  the  vernal  Root  of  die 
fqotll  grew  very  prolific,  I  conceived  the  root  of  them  might  ^^^^JJV^^'^ 
be  equally  as  mucilaginous  as  the  roots  of  the  blue  bells.  I  pro- 
cured three  pounds  fix  ounces  of  them  on  the  8th  of  July, 
1802,  and  diced  and  dried  them.  They  produced  one  pound 
one  ounce  of  powder,  one  drachm  of  which  was  diflfolved  in 
four  ounces  of  water,  by  letting  the  mixture  boil  a  minute  or 
two.  When  the  liquor  was  cold,  there  was  a  mucilage  full  as 
fh'ong  as  one  made  with  a  drachm  of  the  powder  of  blue  bells, 
in  the  fame  proportion  of  water;  from  which  circomftance,  I 
(houid  think  the  vernal  fquili  will  anfwer  the  fame  purpofes  as 
the  hyacinthus  non-fcriptus.  If  it  (hould,  it  is  a  root  that  may 
be  very  eafily  and  plentifully  propagated,  and  whenever  gum- 
arabic  is  dear,  may  be  found  ufeful.  It  is  to  be  remarked, 
that  I  found  no  pungency  in  the  powder  of  the  vernal  fquill. 
I  have  frequently  eaten  of  it,  and  the  tade  is  rather  agreeable. 

On  the  18th  of  Auguft,   1302,  I  colleaed  four  pounds  of  White  li^rwil 
the  white  lily  root,  which  yielded,  when  dried,  rather  more  |,-iajyj[ 
than  one  pound  of  powder.     A  drachm  of  it  was  diflblved  in 
four  ounces  of  water,  by  gently  boiling  it  a  minute  or  two: 
the  mucilage  was  much  (Ironger  than  that  made  with  the  ver* 
nal  fquill,  but  fomewhat  darker  coloured.     This  root  may 

poffibt/ 


23#  MV<ilX..iVSJKO/JS   MATTER- 

}iip£(bljr  MXifwt^Jimikme  |ii^p.QrQs  better  4haii  4hore  above  men. 
tioped.  Tbe  powd^  of  tjbe  lily-root  leaves  a  battcgrnels  on  the 
tongue. 
Gum  oktancd  Twelve  oDnces  of  the  frefh  roots  of  Jho  white  lily  being 
cvapondoL'^  bruifed  and  prefled,  yielded  by  evaporation  one  ounce  and  one 
quarter  of  brown  gun. 

There  being  a  fn^l  quantity  of  it«  I  made  no  trial  with  it; 
but  very  probably  the  exprefled  juice  might  be  ufed  by  the 
calico-printers  with  advantage.  Thefe  roots  can  be  procured 
at  all  times,  and  propagated  to  any  extent ;  but  it  mud  be  ob- 
ferved,  that  thefe  bulbous  roots  are  Aronger  when  they  are 
without  Aems,  or  only  beginning  to  (hoot  out  leaves;  and  the 
prefent  time  is  as  proper  as  any  that  can  be  for  procuring  them. 
Comfrejr  root*  Jjlrkd  comfreyi-root;  but  the  dark  colour  of  the  cuticle  of 
the  Toot  affiled  the  foliition^  by  making  it  of  a  dark  dirt/ 
brown. 

I  do  not  pretend. to  claim  any  met  it  in  making  the  above 
experiments.  Every  one  who  is  acquainted  with  thefe  root8» 
well  knows  that  they  are  all  mucilaginous.  My  defign  isoply 
your  palron^ge,  to  Tender  (hem  ufeful  in  the  arts*  that  their 
virtues  SkoA  efieds. might  not  lay  dormant^  but  be  rendered 
fervioeable.to  tiffde. 
Powder  <4  After  making  4be  above  trials,  the  powder  of  falop-rool 

f^l. p  root affbrdi  ^^^  uied,  by  diflolving  one  drachm  of  it  in  four  ounces  of 

vcxv  Itrong  »     y  o 

mucilage}  pro-  water,  in  the  manner  above  mentioned.     It  produced  a  very 
bably  cncapcr      (Iroog  mucilsure,  ^nd,  when  cold,  was  a  perfect  jelly,  and 

thanguna-aribic.  °    ,  ,  •  f         r  .l       1      r  i   .•  t  .i 

much  clearer  than  either  of  the  other  lolutjons.  I  am  gre;^tly 
of  opinion,  thiat  the  powder  of  this  root  will  not  only  anfwer 
all.the  pur{K>fes4)f  gum-arabic,  but  will  be  found  full  as  cheap, 
if  QOt  eheaper^  in  proportion  to  its  (Irength,  than  gum-arabic; 
but  this  is  fubmitted  to  your  coofideration  and  trial* 

I  have  lent  foroe  f]>ecin>ens  of  the  Powder  of  the  Vernal 
3qttilL  of  While  Lily  Root,  ;and  aifo  of  the  Salop  Powder, 
ih  order  that  they  m^y  be  tried. by  your  dir.efiion;  and  if  they 
(houldbe  found  of  benefit  to  commerce,  nothing  would  give 
p^e  greater  pleafure,  than  to  hnd  my  (lender  abilities  have 
been  of  utility  to  my  country,  and  honoured  with  the  appro* 
bation  of  the  Society. 

I  am.  Sir, 

Xour  obedient  fervant, 

TIIOMAS  WILLIS. 

Mttrch229  U03. 

Esnminuiion 
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IV. 


Etnmimdim  of  Mr.  Ezekiel  fValker's  EtpvitnenU  mid  Theory  €f 
the  Enlmrgement  of  the  Horizontal  Moon,  ih  a  Later  from 
C.  L. 

To  Mr.  NICHOLSON. 
SIR, 

X  OUR  correfpondent  Mr.  Ezekiel  Walker,  has  &voareJ  the  AObti^  af 
world  with  a  new  attempt  to  account  for  ihe  apparent  ^^^g^.^^^^^ 
ment  of  the  horizontal  moon  *,  in  which^  after  induigiD|r  iiis^nuiget  wy 
wit,  and  expreding  hh  aftoniHiment  at  the  expence  of  thofc^^^P**^ 
who  have  laboured  on  the  fame  fubjeft,  he  proceedft  to  oifurQ 
m  that  the  pi^ttrfs  on  the  retina  are  nut  pertnaneni  hut  V4try  oithe 
diwtenfiofu  of  the  pupU  vary. 

That  you,  Mr.  Nicholfon,  whoare  in  fomerefpedaocount* 
able  to  the  world  for  what  you  adroit  uito  your  JoaraAl«  and 
who  poilefs  a  juft  celebrity  for  the  manner  in  which  you  have 
CKectited  the  la(k, — tlfat  you  (hould  have  omitted  to  favour  tba 
writer  and  your  readers  fo  far  as  to  reject  bis  paper,  is  tone 
no  otberwife  to  be  explained  than  by  referring  it 'to  your  im- 
partiality; which  may  have  induced  you  to  leave  the  refutatioo 
of  alledged  fa6ts  to  your  cor refpon dents  rather  than  enter  into 
m  dtfcoffien  refpeding  them  yourfelf. 

I  cannot  for  a  moment  (iippofe  you  to  have  had  a  doubt  coo-  Coafeqiieiicct 
rerning  this  imaginary  novelty  in  optics,    if  Mr.  Walker's  .^  J  ^JJ^J^^ 
)>o(i€ion  were  true,  the  magnifying  powers  of  the  fame  tele-  fbonded.     . 
(cope  would  vary  with  its  aperture;  a  well  illuminated  theatre 
or  room  would  become  contraded  in  its  apparent  dimenfibni:; 
'(be  paper  at  which  I  now  look  would  fuddenly  become  larger 
'when  I  cover  the  candle  with  my  hand ;  and  in  a  word  we 
lliouid  have  no  certainty  if  the  magnitudes  of  things  were  t» 
appear  different  with  every  cliange  of  the  pupil. 

None  of  thefe things  do  in  fa6l  happen,  aoditfeems almoft  Jyi'JjJUJ'^ 
'trifling  to  infift  upon  them.     Still  lefs  is  it  neceflary  to  have  mtftttit 
feoourfe  to  lines  and  figures :  but  for  the  fake  of  your  lefs 
inftruded  readers  I  will  meet  Mr.  Walker  by  corred  experi- 
nenls  of  the  fame  defcription  as  bis  own* 

•  Phikf.  Journal,  IX.  16i. 


236  HORIZONTAL    MOOy, 

Theimige  Esp.  I.  I  took  a  clear  double  convex  lens  fupporCed  on  a 

JjS'tbroaid  **"*'»  and  placed  the  fame  oppofite  an  Argand's  lamp;  fo 
ifcrtuic  U  tht  that  a  good  image  of  the  flame  was  furmerl  upon  a  pa|>er  fixed 
<■««  M  againft  the  wall  of  the  room.     From  the  flame  to  the  lent  the 

diibnce  was  4-9^  inches  and  from  the  lens  to  the  image  it  waa 
88  inches*    The  horizontal  breadth  of  the  image  was  repeat- 
edly meafured  =£  1*58  inches  and  to  a  greater  degree  of  pre- 
cjfioo  than  one  hundredth  of  an  inch. 
«Hth  a  con-  ^'P*  ^'  The  lamp  and  lens  were  fuffered  to  remain  unaltered 

tnac4 apeitart. in  the  fituations  they  poiTefled  in  the  former  experiment;  but 
a  fcreen  was  placed  dofe  to  the  len;:,  having  a  circular  hole 
of  one  inch  diameter  concentric  with  the  lens  itfeif.  The 
image  was  then  fainter  but  very  didincti  and  meafured  exadlj 
the  fame  at  before. 

In  both  thefe  experiments  the  papers  on  the  wall  were  fe- 
veral  times  changed  to  prevent  any  deception  from  the  appear- 
ance of  former  meafures;  and  the  meafures  were  taken  along 
the  fame  horizontal  line  by  the  help  of  a  line  on  the  wall. 

Hence  it  was  feen  that  a  diminution  of  the  pupil  or  aperture, 
to  admit  lefs  than  one  thirty-eighth  part  of  the  light,  made  no 
difl^renoe  in  the  image. 
ThecxMfiMentt  Exp,  3.  I  took  a  good  achromatic  objed  glafs  of  Dollond* 
!!kS!i!r  u J!!^ having  an  aperture  of  1.9  inch  and  placed  it  at  the  diftance  of 
52f  inches  from  the  lamp;  when  it  gave  a  good  image  on  the 
wall  at  the  diftance  of  70|  inches  from  the  lens.  I1ie  hori* 
zontal  breadth  of  the  image  was  1.2  inches, 

Exp.  i.  When  the  experiment  was  repeated  with  no  other 
change  than  that  a  fcreen  with  a  central  hole  of  0.3  inchet 
wai  placed  before  the  lens,  the  image  proved  1 .2  inches  as  be- 
fore. 

The  two  lad  experiments  were  made  with  the  fame  care 

and  precautions  as  the  former.     They  fliew  that  no  diminution 

of  the  image  takes  place  when  the  pupil  isdiminifhcd  to  admit 

lefs  than  one  fortieth  part  of  the  light. 

pK-b^iUty  that      I  may  not  conclude.  Sir,  without  making  feme  obfervalinns 

Mr.  w.  WM      ^^  jj^g  AueQ,  contradidllon  of  my  experimental  refults  to  thofc 

dfceivedy  lud 

bow.  of  Mr.  Walker's.     May  I  afcribe  to  him  any  thing  more  than 

inaccuracy?  Afluredly  I  do  not.  Neverthelefs*  if  he  mea- 
fured fo  uncertain  a  thing  as  the  length  ol*  the  flame  of  a  candle 
without  being  aflured  by  repeated  experiments  that  its  penna" 
nency  was  entitled  to  fome  confidence ;  if  he  held  his  fcreen 

nearer 
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nearer  to  Mi  lens  when  the  light  w$  rendered  fiJoter  by  bit 
cud;  if  he  midook  the  greater  viiibility  of  the  iinaUer  image 
for  a  proof  that  it  was  in  the  focus  of  the  lens;  in  a  word,  if 
he  did  not  fMufe  and  examine  former  finds  before  he  adopted  a 
conclufion  fo  repugnant  to  many  of  them«  I  woald  fabmit  to 
yourfelf  and  readers  whether  he  has  aded  confidently  with  the 
rules  of  philofophical  invefligation,  or  has  any  reafon  to  prise 
hk  own  fohition  beyond  that  which  if  founded  o%  the  rules  of 
linear  perfpedli  ve* . 

lam.  Sir, 

Your  humble  fervant^ 

C.  L. 


V. 

The  Method  qf  preparing  CJdneJh  Soy,      Bj/  Michael  de 

G&UBBENS.f 

■    .    .4 

In  the  aflsof  the  Swedifli  Academy,  for  1764,  page  38,Ekeber|i'itc- 
we  find  a  defcription  of  ihe  preparation  of  Chinefe  Soy,  by^j^^^^^"^ 
the  late  Captain  Ekeberg;  but  as  this  defcription  is  not  only 
incomplete  but  even  deficient  in  accuracy,  fo  as  not  to  produce 
the  true  Chinefe  compound,  I  am  well  convinced  that  Mr. 
Kkeberg  mud  have  been  unacquainted  with  the  aflual  procefs. 
It  is  mod  likely  that  he  depended  upon  information  given  him 
by  the  Chinefe  who  arc  not  always  to  be  trufled;  a  fadl  of 
which  I  have  had  fufficient  reafons  to  be  convinced,  during 

*  Mr.  W.  having  fuppofed  that  the  want  of  land  objects  muft 
take  away  the  notion  of  diftance  at  Tea,  reminds  me  of  an  incident 
concerning  the  Panorama  of  Black-Friar*s  Bridge.  This  picture 
was  exhibited  with  indications  of  a  conHderable  wind  with  waves 
un  the  river,  at  the  fame  time  that  the  buildings  on  the  Loddon  tide 
were  ieen  rcfle^led  in  the  water,  I  took  notice  of  this  inconfiftency, 
and  the  ingenious  author  replied  that  the  water  had  been  at  firft 
painted  as  if  fmooth  j  but  it  was  found  neceffary  to  put  in  the  waves 
in  order  to  give  diftance  by  their  regular  diminution  in  perrpe6live, 
and  that  the  reflections  were  kept  in  from  a  notion  that  they  would 
rather  add  to  the  effeA  than  offend  by  their  want  of  perfeft  truth. 

t  ExtraCleJ  from  the  Memoirs  of  the  Academy  of  Sciences  of 
Stockholm  for  1803,  by  M.  Linborn,  and  inferted  in  the  Annalea  *' 

de  Chimie,  Vol.  L.  fr;  m  which  the  prelent  translation  is  made. 

ay 


Ingredientt  of 
Iby. 


^3%  eniKifK  say, 

my  flv«  yean  ulUknet  ia  Iheir  cooAtrjr«  in  my  ait^mpU  to  af- 
certain  corredly  the  manner  of  treating  a  fpeciet  of  filk-worm 
vrbich  affords  its  thread  five  or  fix  times  in  the  year*  as  well  as 
their  methods  of  dying  cotton  and  iilkand  feverai  other  branches 
of  domeflic  CDconoipy. 

Having  fince  received  for  a  confiderable  remuneration  true 
Bottom  concerning  thefe  objeds,  I  faw  how  far  the  former  re- 
citals had  dtfFered  from  the  truth.  The  fame  thing  happened 
in  my  attempts  (o  difcover  the  preparation  of  foy;  but  as  I  at 
lafl  became  perfectly  acquainted  with  it,  I  think  it  proper  to 
communicate  the  (ame  to  the  academy. 

Soy  is  prepared  wilh  a  fpecies  of  haricots  (which  are  while 
and  fmaller  than  thofe  of  Turkey)  wheat  flour,  common  fait, 
and  water.  The  following  are  the  proportions;  50  pounds  of 
haricots,  30  pounds  of  fall,  60  pounds  of  wheat  flour,  and 
250  pounds  of  water. 
Praccfs.  After  having  well  wafhed  the  haricot^,  they  are  boiled  in 

^ikd  in  water    ^cll- water  in  an  open  veflel  for  (b«e  hours,  or  until  they  have 
become  fo  foft  as  to  be  worked  between  the  fingers.     During 
': .  the  boiling  they  mud  be  kept  covered  with  water  to  prevent 

their  burning,  and  care  muft  be  taken  not  to  boil  them  too 
much,  becaufe  in  that  cafe  too  much  of  their  fubfiance  would 
remain  in  the  water  of  deco^ion.  The  ifaricots  being  thus 
boiled,  are  taken  out,  and  put  into  large  (hallow  wooden  vef- 
fels,  which  in  China  are  made  of  thin  (laves  of  bamboo,  two 
inches  and  a  half  in  depth,  and  five  feet  in  diameter.  In  thefe 
they  are  fpread  out  to  the  deplh  of  two  inches,  and  when  they 
are  cold  enough  to  be  worked  wilh  the  hand,  the  wheat  flour 
is  gradually  thrown  in  and  well  mixed  with  the  haricotSf  unlit 
the  whole  of  the  before-mentioned  quantity  has  been  ufed. 
When  the  mafs  becomes  too  dry,  fo  that  the  flour  does  not 
mix  well  with  the  haricots,  a  little  of  the  hot  water  of  decodion 
is  added. 

The  whole  being  well  mixed,  the  mafs  is  then  fpread  abroad 
in  the  veflels  before-mentioned,  taking  care  that  its  depth  fhall 
not  be  more  than  an  inch  or  an  inch  and  a  half;  and  the  mafs 
is  then  covered  by  a  lid  which  fits  exadlly.  When  the  mafs 
begins  to  become  mouldy  and  heat  is  difengaged,  which  hap- 
pens after  two  or  three  days,  the  cover  is  then  raifed  by  put- 
ting two  flicks  beneath  it,  in  order  tliat  the  air  may  have  free 


^-tben  mixed 
with  wheat 
Aour, 


—and  thinly 
fpread  out  in  a 
veflel  covered 


A  peculiar 
mouldinefs  is 

inlri^tST  accefs.     During  this  time  a  rancid  odour  exhales,  and  if  the. 

^air: 


mafs 


mA  bbcbm^  g^cen,  >t  is  a  fign  that  the  whole  jpes  on  pf6» 

pet\y  \,  bat  if  i(  begins  to  be  black,  which  maft  be  earefiiUy 

noiiced,  the  lid  mud  be  elevated  ftill  more,  in  order  that  tho 

tnaft  may  Have  more  air.     IF  it  once  becomes  black,  the  whole 

is  fpotled. 

As  foon  as  all  the  furface  is  covered  with  green  mouldinefs^  T"*J*  compowii 

^  11  then  dried* 

which  afuaily  happens  in  eight  or  ten  days^  the  cover  is  taken 

off,  and  the  compound  U  expofed  to  the  fun,  and  the  air  for  * 

feveral  daysw     When  it  has  become  as  hard  as  a  flone,  it  is  cut 

into  fmall  fragments,  which  are  thrown  into  an  earthen  veffel,  J^JJ'^' IJ**j^ 

upon  which  the  250lbs«  of  water,  havhig  the  dOlbs.  of  fait  £iit  wacers 

£r(l  diffolvted  in  it  are  poured.     The  whole  is  then  well  ilirred 

together,  and  notice  is  taken  of  the  height  at  which  the  water 

(lands.     If  it  be  not  convenient  to  put  all  the  mixture  into  one 

▼eflel,  a  number  may  be  ufed,  taking  care  that  the  materials 

fee  proportionally  diflribated  in  each.    The  veflTe!  thus  filled  is  •"<>  i"  *  ▼«'W 

placed  in  the  fun,  and  its  contents  flirred  up  regularly  every  fun^^^nd'dally 

morning  and  evening,  and  a  cover  is  put  on  at  night  to  defend  %'>taccd 

it  from  the  cold,  as  well  as  to  prevent  any  rain  from  finding' 

vntiimce  either  by  day  or  night.     The  hotter  the  fun  the  fooner 

wiH  the  foy  be  completed.     The  procefi  is  feldom  undertaken  ihr  twobf  ihttt 

imt  in  the  fummer,  notwithftanding  which  it  la/is  two  or  three  "*^'***»         i 

months. 

As  the  mafs  diminifhes  by  evaporation,  well-water  is  added;  Whcnihc  fluid 
and  this  digeftion  is  continued  till  the  fait  water  has  entirely  JjJjJjJj^^JJ'j* 
diflblved  the  flour  and  the  haricots.     The  vcflfel  is  (ItII  left  for  homogeoeoM 
fome  days  in  the  fun,  in  order  to  compleat  the  folation  flill  more 
cffedually,  as  the  good  quality  oT  thu  foy  depends  upon  this 
circumftance;  and  the  daily  (lirring  or  agitation  is  continued  to 
the  very  la(l. 

When  at  length  the  mafs  has  become  very  facculent  and  it  1*  ftrained  fcy 
oily,  the  whole,  as  Well  the  thick  as  the  more  fluid  portions,  p''^"^*  "^  *• 
is  poured  into  bags,  tlirough  which  the  foy  is  prefled,  and  is 
then  clear  and  ready  for  ufe.  It  is  not  afterwards  boiled,  as 
Mr*  Ekeberg  pretends.  It  is  to  be  kept  in  bottles  well  corked. 
Tlie  Chinefe  who  deal  in  this  article  keep  it  in  large  pitches 
well  clofed.  Before  it  is  firained  in  the  prefs  the  foy  is  of  a 
4eep  brown  colour,  but  it  afterwards  becon^es  black. 

The  Chinefe  alfo  prepare  two  kinds  of  foy  from  the  dtegs  Inferior  foy firam 
which  retmun.    The  firft  time  they  add  1  ^Olbs.  of  water  and  ^  *^"»^ 
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SOlbf .  of  falli  and  afler  having  prefled  the  maft,  they  again  add 
lOOlbi.  of  water  and  20ibs.  of  falU  always  proceeding  as  be* 
fere  defcribed. 

Tiie  two  lad  kinds  of  (oy  are  not  (Irong,  but  very  fait,  more 

efpecially  the  latter,  which  is  alfo  lighter  coloured.    Thefc  two 

kinds  are  the  moft  oommon  in  China,  and  are  nfed  both  by 

natives  and  Europeans.     The  diflfercnces  of  price  are  as  8.4.1  • 

Thisfrocefi  hu     In  this  manner  I  prepared  in  ]7^9*  at  my  refidence  in  Can* 

^^^^'^         ton.  (he  whole  of  the  toy  I  made  qfe  of.  and  I  alfo  brought 

feveral  bottles  with  me  to  Sweden*    It  was  fucculent.  oily. 

moderately  fait,  and  very  difierent  from  what  is  commonly  fold 

in  Europe.    With  regard  to  ils  tade.  it  might  be  put  in  com* 

petition  with  that  of  Japan^  which  is  generally  confidered  as 

the  bed. 

by  the  writer         This  defcription  is  more  particularly  to  be  depended  upon, 

^'''^'  as  I  always  made  the  preparation  myfelf ;  and  I  can  venture  to 

aflert  that  this  procefs  is  the  only  one  for  obtaining  foy  of  the 

bed  quality. 

Soy  contaims  no     Mr.  Ekeberg  affirms  that  the  foy  is  boiled  with  the  addition 

MTitlbld?'    of  fugart  ginger  and  other  fpices ;  but  this  is  without  founda- 

dnat  hr  three  tion.  and  cannot  be  true,  for  a  lb.  Chinefe  of  foy  cods  no  more 

^^y^  *       than  two  candareens  of  Chinefe  money  *.     This  was  the  com- 

roon  price  during  my  whole  reddence  at  China,  and  is  too  low 

to  admit  of  thefe  ingredients  in  the  preparation.     It  is  alfo  the 

fad  that  foy  has  no  indication  either  of  fugar  or  fpice  in  its 

tade ;  its  principal  charador  is  faline. 


VI. 

On  the  lMV3t<tf  Galvanifm.     In  Letters  from  C.  Wilkinson 
and  Thomas  Harrison,  lifiprs, 

Windermere  Lake,  IVefttnoreland,  Nov»  8. 
Dear  Sir. 

Sane  accovnt     1  TAKE  the  opportunity  of  a  few  days  relaxation  in  this  ro. 
•fMr.Ooogb.  ujgjj^j^j  unj  pi^urefque  fituation.  to  trouble  you  with  fome 

*  The  Chinefe  pound  or  tael  is,  I  think,  about  20  ounces,  and 
the  candareen  is  a  little  more  than  three  farthing<t.  that  is  to  fay.  it 
h  one  tenth  part  of  the  mace  which  is  valued  at  eight-pence.    N. 

galvanic 
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gidmnic  obfertra^ions,  which  principally  originate  frodi  a  very 
pleafureable  converfation  I  have  lately  had  with  my  friend 
Mr.  J.  Gough,  of  Kendal.  To  yoa»  Sir,  this  gentleman,  flt  - 
m  phiiofopher  and  mathetnatictan,  is  well  knowft.  Allhoogb 
deprived  of  fight  in  vttj  early  infancy,  it  is  aiDa2ing  to  ob- 
ferve  the  rapidity  with  which  he  proceeds  in  geomeflrical  in- 
veftigations.  Independent  of  this  very  ftriking  acquifition, 
he  is  the  beft  botanift  and  natural  hiftorian  this  country  po(- 
fefles.  To  thefe  branches  of  knowledge  he  adds  very  con- 
fiderable  claffical  knowledge ;  and  in  his  pneumatic  enqairies 
he  placet  no  dependance  upon  any  of  the  gafes  which  he  doet 
not  prepare  himfelf.  To  converfe  with  fuch  a  perfon  is  to  ht 
improved.  To  fome  ledures  I  delivered  on  galvanifm  a  few 
days  ago,  at  Kendal,  I  was  honoured  with  his  attendance ; 
and  in  confequence  of  the  law  I  was  attempting  to  explain, 
relative  to  the  powers  of  galvanifm  on  metallic  bodies,  I  was 
favoured,  the  fubfequent  day,  with  the  following  letter  from 
a  yery  intelligent  and  well-informed  profeffional  gentleman  al 
Kendal,  Mr.  Harrilbn,  brother-in-law  to  Mr.  Gough ;  the 
particulars  of  which  I  dare  fay  yon  will  find  fnflliciently  in* 
terefting  to  merit  infertion  in  your  valuable  Journal. 


•r 


To  C.  WILKINSON. 

Dear  Sir,  Kendal,  Nov,  5,  1804. 

I  MENTIONED  to  you  yeflerday  my  doubts  refpeding  the lafeftigitioa of 
law  of  galvanifm,  which  you  have  laid  down  in  Njcholfon's^S/**^"^-*?  • 
Journal  for  March  1,  1S04 ;  where  you  fay,  that  the  igniting  baming  wire 
powers  in  batteries  of  the  fame  total  furface,  are  as  the  fquaret 
of  the  furfaces  of  the  elementary  plates,  (ingly  taken  in  each : 
This,  if  I  miftake  not,  you  repeated  in  your  ledlure  of  laft  night ; 
at  which  time  I  exprefled  my  doubts  to  Mr.  Gough,  and  we 
afterwards  examined  the  data  given  in  the  paper  before^ men* 
tioned  ;  on  which  we  made  the  following  calculations,  and 
found  that  your  condufion  was  ftridly  true  according  to  your 
data,  but  that  the  forces  of  different  batteries  expofing  un- 
equal furfaces,  will  be  in  the  ratio  compounded  of  the  number 
of  plates  in  each  battery,  and  the  (ixth  power  of  the  fides  of 
the  elementary  plates  fingly  taken  in  each.  The  data  you 
have  given  are  the  following  :  100  plates  of  four  in.  fq.  ig- 
.  Vol.  IX.— December,  1804.  R  niied 
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InttAigiiion  of  nJted  half  sii  inch  of  wire;  400  plates  ignited  two  incties; 

*J^|:|^'°^'^.yjand50pkleiof  eight  inch.  fq.  ignited  16  Inches  of  the  fain« 

bkiratng  wire.      WJre. 

Now  in  order  to  accommodate  lliefe  numbers  to  algebraic 
calculation,  we  will  fuppofe  a  comparifon  of  Ihreo  balteriei, 
two  of  wlitcli  are  compofed  of  plates  of  equal  diamelers,  but 

■  ililTcring  in  number ;  Ihe  third  lluil  alfu  differ  from  the  firS 

and  fecond  in  the  magnitude  of  its  plates,  and  agree  with  th« 
fecond  in  the  number  of  them. 

Let  II  be  the  number  of  plates  in  the  firH,  m  Ihe  number  in 
the  fecond  and  third  batteries ;  w  and  y  the  diameters  of  the 
two  felt  of  plates.  Tiicn,  if  Ihe  power  of  any  Cngle  plale 
bear  any  contlant  ratio  to  iln  furface,  it  will  alfo  have  a  con- 
llont  ratio  to  fomc  power  of  its  diameter,  becaufe  the  furfac* 
is  as  the  fquare  of  the  diameter  in  fimilar  figures;  lei  ;>  be  that 
power;  let  I,  k,  and  z  exprefs  the  lengths  of  wire  which  are 
ignited  by  the  ift,  2d,  and  3d  baileries :  then  from  Ihe  firfl 
datum,  n  :  m  : ;  I :  k,  becaufe  the  efie^  is  as  the  number  of 
equal  plates,  according  to  experiment.  Again,  feeing  that  w 
is  the  diameter  of  tlie  plates  in  the  lirll  and  fecond  batteriet, 
and  y  llie  diameter  of  (hofe  compofing  the  third,  and  p  ex>. 
prelTes  the  power  determining  the  law  of  force  for  plates  of 
diStirent  diameters,  the  force  of  a  plate  in  the  firll  and  fei;on<l 
batteries,  will  be  to  the  force  of  a  plate  in  the  third,  as 
u'  :  y,  and  as  the  number  of  plates  in  the  fecond  and  third  it 
Plite.  Plitck 
equal,  we  fhall  have  mu'  :  my  ::  k  :  z,  becaufe  as  1   :  m  : : 

Plalc.  Plitct. 
\ti'  :  k,  and  as  I   :  m  ::  y*  :  z,  then  ai  u'  ;  jf^  : :  it :  i,  but  u 
«:m::l:lci  therefore  niu'  :  myf  :i  IJe  :  iz  ::  I ;  i  =t 

To  apply  this  general  theorem  in  order  lo  determine  the 
value  ol  p  in  all  cafes,  we  will  begin  with  your  own  experj- 
ment  made  with  equal  furfaces  oa  dilTerent  numbers. 

Since  lOO  plates,  of  four  inches,  ignite  half  an  inch  of 
wire,  and  50  plates,  of  eight  inches  fq.  ignite  16  inches,  we 
have  n  =  100,  m  =  50,  w  =  +.  y  =  9.  i  =  {.  i  =  16;  there- 
fore 100  X  +':  50X  8»::  -J:  16;  but  fince8  =  2  x  4,  8*=: 

2'  X  i",  therefore  2  :  2'  i ;  J  :  16,  and  I ( 


I 


I 


tAWn   Ot   bALVAKIltt.  ^$ 

but  !^  -=  a* ;  Ktnce  2*  =  2'— * ;  Ui^rcfore  p  !i  fi ;  hencci 
tlie  force  of  plates  areas  the  6th  power  of  their  diameters* 

When  the  furfaces  are  equals  the  igniting  force  is  as  the  4tb 
power  of  the  fides  of  the  individual  plates;  f6r  in  this  cafe  we 
have n »;*  =  fi^y*,  and  n  :  m  :: y*  i  w^  ;  therefore  the  theo« 
rem  «»•  :  my*  ::/:«,  becomes  y* w^  :  w* jr*  ::li  z;  that 
is,  w^  :y*  11 1 :  z,  which  is  the  law  in  yoar  particular  cafe, 

Thit  theorem  will  be  found  ufeful  in  efiimating  the  force  of 
batteries  in  general ;  as  an  example  of  which  we  fhali  calcu- 
late, by  means  of  St,  the  force  of  your  intended  battery,  con- 
fifiing  of  60  plates,  each  24  inches  diameter*  In  order  to  de-» 
termine  the  quantity  of  wire  that  will  be  ignited  by  fuch  m 
battery,  we  have  n  =:  100,  m  =  50,  v;  s  4,  y  =  24»  or  fix 
times  w,  /  =  | ;  therefore  100  x  4*  :  50  x  6*  w*  : :  {  :  i  j 

6« 
that  is,  2  :  6*  : :  I  :  2,  and  z  =  ---  =  36*  x  9  incbefl.  or 

4 

972  feet. 

I  am,  Dear  Sir, 

Tour's  refpedtfully, 

THOMAS  HARRISON. 
StranuMgaie^  Kendal, 


YOU  will  obfcrve,  Mr.  Editor,  from  the  above  theorem,  ts:ptnatniM  oa 
that  my  fiatement  of  the  powers  of  two  different  galvanic  ^  decomjioi- 
arrangements,  equal  in  their  metalh'c  furfaces,  being  as  the 
fitjoares  of  the  furface  of  two  individual  plates,  or,  which  is 
the  (bme,  as  tlie  4th  power  of  the  diameter  of  each  plate,  is 
corre^  only  where  the  metallic  furfaces  are  equal ;  when  they 
are  not  equal,  then  the  powers  are  as  the  6th  power  of  the 
diameters,  or  as  the  cubes  of  their  rcfpe6ive  furfaces. 

In  a  (hort  time  you  will  ha\'e  the  pleafure  of  a  paper  from 
Mr.  Oougb,  relative  to  the  decompofition  of  water  by  gal-* 
vanifm :  With  this  view  we  tried  together  the  following  ex- 
periments, the  refults  of  which  tend  to  favour  the  explanation 
I  have  attempted  in  the  Elements  I  fometime  fince  pnbliftied* 

For  this  parpofe  I  employed  270  plates,  containing  a  fur^ 
ftiCt  of  6720  fquare  inches,  and  conneded  with  the  pofitive 
and  negative  fides  by  wires  of  platinum.  Thefe  platinum  wires 
tvei«  inferted  in  a  difh  of  water  at  eight  inches  from  each 
•ttler;  the  pofitive  wire  difengaged  oxigen  gas,  «'ie  negative 

R2  wire 
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wire  hidrogen  gas.  The  decompofition  took  place  rity^ 
(lowly ;  in  proporlion  as  the  wires  were  approximated,  the 
decompofition  increafed  in  the  fame  ratio. 

The  platinum  wires  were  then  tnferted  into  a  capillary  tube 
Mhofe  bore  is  about  y^  of  an  inch,  filled  with  water;  no  fen- 
iSble  effe^  was  produced  till  the  wires  were  placed  at  the  dif* 
iance  of  ^half  an  inch,  and  then  only  a  folitary  bubble  became 
diTengaged  from  the  negative  wire,  never  completely  detadied, 
but  hovering  round  the  extremity,  not  being  fet  at  liberty  by 
the  evolution  of  anoUier  particle. 

When  the  platinum  wires  were  inferted  in  a  tube  whpfe 
bore  is  |-  of  an  inch,  at  the  diftance  of  fix  inches  a  flight  de- 
compofition was  obfcrved,  and  which  neceflarily  increafed  in 
proportion  as  the  wires  approached  each  other* 

When  the  platinum  wires  were  inferted  in  different  glaffes 
of  water,  and  the  extremities  of  a  frog  deprived  of  its  inte- 
gument conflituted  the  conneAing  medium  between  the  two 
glaffes,  or  a  wet  piece  of  cloth,  at  the  diflance  of  three  inches 
a  flight  decompofition  was  obferved. 

When  two  wires  are  conne^ed  with  the  different  ends  of  a 

galvanic  battery,   the  wires  immediately  participate,  as  to 

their  ele6tncal  intenfity,  with  the  refpedivc  plates  with  which 

they  are  in  conta6t. 

[nvefligatlpn  of      Let  us  fuppofe  P  the  wire  from  the  pofitive  end  of  the  bat- 

*«  ^^ri^tf  ^^^y*  ^"^  ^  ^^^  negative.  PL  ATI.  Fig.  2.  Let  us  fup- 
water  by  pU  pofe  that  the  galvanic  arrangement  is  fuch,  that,  when  the 
rinifin.  wires  are  placed  at  the  diflance  a,  a,  the  decompofition 

commences.  If  the  wires  be  placed  at  h  and  b,  the  decom- 
pofition is  confiderably  increafed ;  and  this  increafe  will  go 
on,  till  the  maximum  will  be  at  d,  d,  when  the  wires  are 
infinitely  near  each  other  without  being  in  contact* 

The  pofitive  wire,  according  to  its  eleArical  intenfity,  pro* 
duces  a  correfponding  flate  in  all  fluids  with  which  it  is  in 
conta6t,  proportionate  to  their  capacities ;  fo  alfo  the  negative 
wire  ;  and  it  is  evident  from  the  principle  of  eledrical  charges, 
that  the  influence  of  each  mufl  extend  to  equal  diflances ;  it 
will  therefore  follow,  that  when  at  a,  a,  fuppoflng  thefe 
points  the  apices  of  two  equal  cones,  the  areas  of  their 
refpe6tive  bafes  will  be  the  leail  podible,  and  confequently, 
in  their  concourfe  at  i,  will  only  influence  a  fingle  particle  of 
water.     W:*(sn  the  wires  are  placed  at  b,  b,  then  ci  will^x* 

prefs 
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pntk  (he  imdius  of  4he  circular  bafe  (fuppofiog  ft  c  s  a  0»  and la^eftigation  of 
coofequently  a  greater  proportion  of  water  fubjeded  to  the  compofition  of 
ioflaence;  and  therefore. evidently  when  at  d,  d,  or  infinitely  water  by  gal. 
near«  the  maximum  of  decompofing  effeds  mud  take  place.  ^^'^* 
This  we  obferve  is  conibnant  to  experiments. 

If  a  particle  of  water  coniifts  of  a  particle  of  oxigen  and  of 
bidrogen  in  a  (late  of  chemical  union,  and  if  an  agent  be  em- 
ployed fuificiently  fubtle  to  penetrate  the  conftituent  particle 
of  water,  a  feparation  will  take  place.  Thus  caloric  will  de« 
ftroy  the  aggregation  of  the  conflituent  particles  of  many  fub- 
iiances»  without  producing  any  decom portion ;  in  this  cafe  it 
only  ads  by  penetrating  the  interdices  formed  by  the  confli- 
tuent  particles,  without  pervading  the  fubfiance  of  the  con* 
Aituent  particle  itfelf.  Thus  the  portions  of  water,  although 
participating  of  the  refpedive  eledrical  inteniit'^s  of  the  two 
wires,  as  yet  undergo  no  decompofition ;  as  yet  it  has  not 
completely  pervaded  the  particle  of  water.  When  a  particle 
pf  water  is  influenced  on  one  fide  by  the  pofitive  wire,  and 
on  its  other  fide  by  the  negative,  then  the  particle  of  water 
becomes  a  fniall  Ley  den  phial ;  and  if  the  energy  of  the  ap- 
paratus fliould  be  adequate  to  overcome  the  refinance  be- 
tween the  two  fides  of  the  particle  of  water,  a  feparation  is 
produced,  and  the  water  becomes  refolved  into  oxigen  and' 
hidrogjsn. 

This  deftrudion  of  the  water  will  take  place  at  i,  the  in* 
termediate  didance  between  a,  a;  becaufe,  when  thus  re* 
ipoiely  fituated,  only  a  fingle  particle  of  water  becomes  thus 
operated  upon  ;  when  at  b,  b,  a  greater  number  of  particles 
of  water  become  tims  influenced,  and  confequently  the  de* 
compofition  is  more  rapid. 

If  water  placed  in  a  capillary  tube  be  employed,  it  is  evi- 
dent, however  near  the  platinum  wires  are  approximated, 
the  areas  of  the  bafes  of  the  refpedive  cones  will  be  not  at  all 
increafed,  and,  confequently,  the  maximum  of  its  power  will 
be  confined  comparatively  to  a  folitary  particle  of  water. 
Tlie  inflant  a  particle  of  water  becomes  thus  feparated  into 
its  elementary  portions,  it  might  be  expedcd  that  thefe  por* 
tions  would  be  evolved  at  t,  as  being  the  point  of  concourfe 
between  the  pohtive  and  negative  dales ;  but  in  this  form 
they  are  not  in  the  gafeous  dale  ;  they  require  caloric,  &c. ; 
and  that  they  do  not  very  readily  acquire  this  other  principle 

neccffary 
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neceflary  loconflitute  them  gafes,  is  eviileni  from  ifie  oslgenj 
if  an  oxidable  melal  be  employed  at  ihe  pofilive  end,  enlerr 
ing  into  CDmbination  with  (he  metal,  inllead  of  being  difeita 
gaged  in  an  aeriform  llale. 

Waler  is  a  condudor  of  eledricity ;  its  capacitj  for  tbii 
principle  being  in  proportion  lo  ils  conducing  powers.  Whea 
converted  into  vapour,  its  conducing  power*  are  increafed, 
and  (a  alto  in  the  fame  proportion  its  capacity,  as  is  evident 
from  waler,  when  undergoing  this  change,  abllraftipg  eleci- 
trieiiy  from  furrounding  bodies. 

When  a  particle  of  water  is  refolved  into  its  elementary^ 
portions,  a  change  takes  place  in  their  capacities  for  e\c&iir 
city,  caloric,  &c.  at  the  very  nafcent  inftant,  Oxigen  w«- 
know,  from  other  cKperiaientE,  has  its  capacity  fur  eleflricil/ 
increafed,  and  xnuR  acquire  this  principle  belbre  it  can  afTunMI 
a  gafeous  form.  This  acquifition  will  be  effeacd  with  lbs 
greaiefi  tcadincf^  in  Ihe  direflion  towards  the  pofiiive  wire; 
while  the  hydrogen  particle  having  iis  capacity  diininifhed,'  • 
will  be  fimilarly  determined  towards  the  negative  wire.  '  ■ 

For  a  future  Journal  I  will  Iroable  you  with  fome  experiy  ' 
ments  relative  lo  this  change  of  capacity.  I  am  anxious  firfll ' 
to  perufe  Mr.  Cough's  intended  paper,  from  whofe  philofo^ 
phical  abilities  much  may  be  expeded.  t 

Having  extended  this  paper  to  a  greater  length  than  I  ak 
£rD  expeded,  1  (ItaU  defer,  till  another  opportunity,  a  reply 
|o  Mr.  Cuihbertfon'i  obfervations,  and  flatter  myfcif  I  ftiAlf 
be  enafcled  to  clearly  point  out  the  error  into  which  Mr.  Cv** 
has  fallen.  '- 

Although  your  Journal  may  not  be  deemed  the  proper  mtt* 
dium  for  any  medical  communications,  as  I  have  lately  witV;i 
nefTed  the  very  power 'ill  eSefls  ofgalvanifm  in  rheumatic  ana* 
paralytic  afiiiflions.  Whatever  may  prove  of  benefit  to  mon^' 
kind  will,  I  am  perfuaded,  be  readily  admitted  into  yovf' 
valuable  Work. 

J  am.  Dear  Sir,  ' 

Vour's,  with  (he  greatelT  refpefl, 

C.   WILKINSON,     '\ 

Surgeon,  ^9,  Saha  Sqattfi^)} 

London. 
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lUmark  ttpm  an  AJtHion  cf  Latoisiik,  which  hoiheenre^ 
f€&Ud  by  emtncnt  Chemiftt.  By  P.  Pkeyost^  PrqfeJJbrei 
Geneva,  aad  Carr^/pondent  with  the  National  Ififtitute  t^ 
France.* 

JIT  is  a  confbmt  phenomenon  in  natare  •  .  •  •  •  that  when  Afferdoa  of  tiik 

any  bodj  whatever  is  heated its  dimenfions  become  J®'^*'^^^**^* 

tnereafed  in  every  diredion If  after  having  heated  contraaibk  by 

a  fdid  body  to  a  certain  point,  and  by  that  means  feparated;?^»  **^  Pf" 

its  particles  more  and  more,  it  be  then  AifTered  to  cool,  thefe  coataa« 

particles  will  approach  each  other,  according  to  the  fame  gra->' 

dation  by  which  they  were  before  feparated ;  the  body  will 

pafs  throogh  the  fame  dimenfions  it  before  poflefled ;  and  if  it 

be  redoced  to  the  fame  temperature  as  at  the  beginning  of  thc^ 

experiment^  it  will  refame  its  original  volume.    Bat  as  we 

are  very  far  from  being  able  to  produce  an  abfolute  flate  of 

cold  ;  but  on  the  contrary,  as  there  is  no  degree  of  refrigera- 

tion  which  we  cannot  fuppofe  to  be  capable  of  being  further 

augmented,  it  muft  follow  that  we  have  not  yet  fucceeded  in 

bringing  the  particles  of  any  body  as  dofely  together  as  is 

poffible,  and  confequently  that  the  particles  of  no  body  in  nature 

eon  be  in  a  ftate  of  caniaSt;  a  very  fingular  conclufiop,  bat  to 

which  neverthelefs  it  is  impoffible  to  refufe  our  aflent/'— 

Eiemeniary  Treatife  of  Chemifiry,  by  Lacoificr,  Vol.  I.  at  the 

commencemait. 

The  (ame  aflfertion  is  repeated  feveral  pages  further,  wheita  The  toe  affeiy 
an  example  is  taken  of  a  veflfel  filled  with  fmall  leaden  (hot.  ^^  r*p€ste<), 
**  The  l»lls  touch  each  other,''  fays  our  author,  *'  whereat 
the  particles  of  bodies  do  not  touch,  but  are  always  kept  at  a 
finail  diftance  from  each  other  by  the  effort  of  caloric/' 

The  authority  which  this  celebrated  chemift  enjoys  in  the 
learned  world,  is  probably  the  only  caufe  why  this  concluijon 
has  been  adopted.  It  is  at  lead  certain  that  it  is  not  legiti« 
mate,  though  it  has  been  fo  often  repeated ;  and  more  parti- 
Golarly  in  a  late  work,  no  lefs  remarkable  for  the  depth  of 
reafoning  and  extent  of  knowledge  which  it  difplays.    Ber« 


*  Annates  de  Chimie,  Vol.  L.  p.  58'* 

thrfkt. 
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^Be$Mkt,  thdlet.  io  his  Effiii  de  Siatic  Chimiquc,  Tom.  I.  p.  24»  pung. 
2,  *  has  thefe  words :  "  Coh«fioD  is  the  effed  of  that  affinity 
which  the  particles  exercife  on  each  other,  and  keeps  them  at 
s  diftaDce»  determined  by  the  equilibrium  of  this  force  witi| 
thofe  which  are  oppofed  to  it ;  for  the  property  pofRsfled  by 
iiie  mod  compa^  bodies  of  undergoing  a  dicninqition  of  voldme 
by  reducing  their  temperature,  proves  that  there  is  no  imme- 
diate conlad  between  their  parts/' 
for  After  all^  it  is  not  furpriiing  that  an  author,  who  has  un- 

^f        d^rtaken  and  fuccefsfnlly  executed  a  work  of  fuch  immenfity 
with  regard  to  chemiAry,  (hould  refer  to  one  of  his  moil  cele* 
brated  predeceflbrs  for  the  folidity  of  an  argument  which  re* 
'    Utes  to  the  principles  of  natural  philofphy  ;  and  this  condud 
is  fo  much  the  more  natural^  as  the  argument  never  having 
been  contefled,   though   frequently  quoted,   a  conliderable 
prefumptipp  arifes  in  its  favour^  to  difpenfe  with  any  careful 
examination  in  cafes  where  it  is  not  intended  to  be  farther 
applied.     Now  it  does  not  appear  that  any  farther  ufe  is 
made  of  the  proppiition  throughout  the  great  work  to  which 
our  attfsqtioq  is  now  dir<s£led.     I  therefore  confider  the  paf- 
fage  here  extrafted,  rather  as  the  occafional  mention  of  a 
fingt)Iar  paradox,  than  as  a  thefis  which  ti)e  author  was  de* 
'  (jrous  of  ellabliQiing. 
whofe  authority      f^et  this  be  as  it  may»  it  will  notwilhdanding  follow,  that 
may  ncvcrtbe-   ^he  mere  incidental  mention  of  an  aflerlion  by  ^  author  fo 
bliihing  thji      i^ftly  refpedled,  will  be  coniidered  as  a  proof  of  its  truth ; 
error.  ^nd  that  the  numerous  difciples  of  this  great  madcr  will  ret 

peat  it  with  confidence.     It  is  therefore  defirable  that  its  want 
.of  foundation  (hould  be  infided  on,  and  that  it  fliould  be  di- 
red^ly  refuted   in  a  Journal  of  extenlivc  circulation ;    more 
particularly  ^mongft  ih^fe  who  are  mofl  likel)  to  be  mifled 
by  fuch  an  error. 
The  author  does     Before  we  proceed,  it  will  be  proper  to  make  an  elTential 
not difcuft the    ^iftinction.     The  aflertion  is  as  follows:  The  particles  <if  bo^ 
felf^uionlym-fl^'«*  ^  '*^^  *^"^'*  each  other ;  or  in  other  terms,  there  U  no 
|]ftfl  that  expan-  invmediaU  contad  between  the  elemtntfi ry  parts  of  bodies.     Now , 
^m^^st    tofpeak  wit^ propriety;  I  dp  not  at  all  intend  to  deny  this 
liothiiig.  aflertion,   neither  do  I  propofe  to  eftablilb  it.     All  that  I 

intend  to  do  is,  to  (hew  that  il  is  not  legitimately  concluded 

*  Sec  Lambert's  Tranflation,  Vol.  I.  p. ::. 
%  from 
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firoiA  th^  principle  whence  it  has  been  deduced ;  naidely^ 
the  diminution  of  volume  which  accompanies  depreffions  of 
temperatare.  Now  I  fay  that  this  diminution  does  not  at  all 
prove  that  the  elements  of  bodies  have  no  immediate  contad« 
and  confequently  that  this  laft  aflertion  is  fo  far  gratuitous. 
And  this  is  the  whole  of  what  I  defign  to  prove. 

If  it  be  true  that  there  are  numerous  conceptions  and  ex- We  can  eafily  - 
amples  which  are  evident  and  eafy  to  be  given^  of  bodies g®°**7?l*^" 
fubjed  to  dilatioil  and  condenfation  without  their  parts  ceafmg  fjtioa  of  coa- 
to  be  in  immediate  contact,  it  mufl  necefTarily  be  concluded, ^^* 
that  dilationt&nd  condenfation  can  afford  no  proof  in  this  re- 
fped.     For  why  (bould  we  refufe  to  admit  fome  of  thefe  con- 
ceptions/ or  to  apply  fome  of  thefe  examples  to  the  cafe  of 
the  elements  ? 

1.  Conceive  the  particles  to  be  elongated  and  united  by  t.  Inftance:  tha 
their  extremities,  like  the  legs  of  a  pair  of  compares ;  and  *'^  °^  ^^'2^'** 
they  may  turn  with  regard  to  this  point  of  union,  as  a  centre,  (hue 

and  produce  condenfations  and  dilations  of  the  whole  apparent 
mafs  of  the  body  fucceflively. 

2.  A  dry  fponge,  or  fruit,  or  mucofity,  being  plunged  in  a.  Sponge,  ftc. 

water,  will  dilate  without  any  ceflation  of  the  fenfible  cOn-°"L**f  *•■*•    •. 

c  •  preued  or  en* 

tad;  and  on  the  contrary,  the  fame  bodies,  when  wetted,lix^. 

if  expofed  to  become  dry,  will  undergo  condenfation, 

3.  The  example  of  the  dilatation  of  ice  and  fome  metals  by  3*  Expanfion  la 
cryOallization,  an  example  formally  remarked,  iludied,  and^^^'^^* 

well  explained,  particularly  by  the  latter  of  the  two  learned 
chemifls  I  have  cited,  mud  (hew  the  falfity  of  the  affertioa 
which  I  refute. 

Upon  reading. the  y^ork  of  fierthollet,  and  taking  notes  of 
fuch  things  as  I  was  defirous  of  retaining,  or  concerning  which 
I  faw  reafon  to  doubt,  I  wrote  what  is  here  tranfcribed,  s.  c. 
the  fummary  indication  of  the  three  conceptions,  or  examples, 
proper  to  elucidate  this  fuhjed« 

I  had  no  intention  of  fubmitting  my  remark  to  its  natural  Similar  remarkt 
jbdges,  when  five  or  i|x  weeks  afterwards,  being  employed  1*^ '•^^^ 
in  m  very  different  occupation,  I  found  in  the  papers  of  a 
learned  *  philofopher,   which  were  entrufted   to  me  at  his 

death, 

*  George  Louis  Lefage,  Correfpondent  of  the  Academy  of  Sci- 
ences of  Paris,  afterwards  Correfpondent  of  the  National  Inftitute, 

Memher 
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detlb^  a  cwd  which  conUuned  the  fame  renuurkf  bot  hi  a 
more  abridged  formt  and  bj  fimple  indication.  As  it  offers 
a  variety  of  examples  and  oonceptions  of  the  fame  natare  ai 
thofe  which  I  have  given,  though  nevertheleft  (Kfferent,  I 
fhall  here  give  them  verbatim : 

NoU  rf  G.  L^Lefage. 

"  Methods  of  (hewing  that  this  confequence  does  j»oi 

follow : 
lipsafiM  aid       'c  i«  Four  fingers  of  one  hand  introduced  more  or  kls  bo* 
1.  Of  tbehaodi}^^^^  ^^  ^^^^  intervals  of  the  fingers  of  the  other  hand, 
a.  Combt,  ftc.      **  2.  The  fame  with  a  couple  of  brufiies,  or  cardSf  or 

combs. 

3.  Cotton,  ftc.      "  3.  Carded  cottoni  or  hair,  and  foap  lather. 

4.  Snow.  ''  4.  Snow. 

5.  OkUadom        "  5*  Agitation  or  ofcillation,  which  renders  the  lame  par< 

tides  alternately  contiguous  and  feparate  more  than  a  thonfiuid 
times  per  minute.^ 
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The  perufal  of  this  note  determined  me  to  publilh  mine  $ 
not  only  becaufe  I  found  royfelf  authorized  by  this  coinci* 
dence,  but  aUb  to  render  a  fird  homage  to  the  memory  of  a 
philofopher  no  lefs  modeft  than  ingenious,  and  to  begin  in 
feme  refped  to  execute  his  will,  by  publifhing  at  lead  one  of 
fiis  notes  without  making  any  change.  The  laft  conception 
offered  in  this  laft  (bort  note,  will  probably  induce  fome  phi« 
loibphers  to  refied  again  upon  this  fubjeft,  and  may  perhaps 
lead  them  towards  the  opinions  of  the  writer* 

Member  of  the  Royal  Society  of  London^  and  of  (everal  other 
learned  Societies,  died  at  Geneva,  the  28th  Brumaire,  in  the  year 
XII.  (Not.  19,  1803).  His  principal  writings  have  not  yet  l>cea 
publilhed*  I  ihall  foon  give  a  ihort  notice,  as  well  as  fome  details 
of  his  literary  life,  proper  to  facilitate  the  perufal  of  his  works,  and 
eftabliih  their  originality.  P. 
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AeeomU  ^f  a  Memoir  on  cAamoying  qf  LeatlU¥, 

By  Af.  Seouin.  *  ^ 

rA.  SEGUINt  who  has  already  publiOied  feveral  intereflu 
ing'  works  on  the  arts,  relating  to  the  preparation  of  (kinsf 
has  lately  read  to  the  Inftitute  a  firfi  memoir  on  chamoying, 
irom  which  we  fliall  give  an  extract. 

The  author  ftates,  that  the  art  of  chamoying  confifts  in  dif-  MechaafctI 
pofiog  the  (kins  to  receive  the  oil ;  in  impregnating  them  with  ch«moyiai» 
it  by  different  operations,  of  which  he  probably  referves  the 
ifetoils  for  a  fecond  niemoir ;  in  then  caufing  them  to  undergo 
g  fpecies  of  fermentation  ;  in  expofing  them  to  the  air;  and, 
laftly,  in  taking  from  them,  by  means  of  potafli,'  the  excefs 
of  oil  which  is  ufelefs  to  them. 

He  afterwards  pafTes  to  the  chemical  examination  of  a  cha^ 
moyed  (kin. 

He  found  that  this  (kin  did  not  undergo  any  alteration  by  Chemical  ez«- 
a  long  boiling  in  water;  but  that,  if  any  acid  whatever  »» ^o"*jJ*i^^^' 
added  (M.  Seguin  made  ufe  of  fulphuric  acid),  the  (kin  dif- 
appeared  entirely ;  that  a  certain  quantity  of  a  concrete  oil 
fwam  on  the  furface  of  the  liquid  ;  that  the  liquor  contained 
gelatine;  and  that,  by  its  evaporation,  it  depofited  cryftals 
of  falphate  of  potath.     He  aifo  afcertained,  that  on  pouring  Celttine  poviad 
gelatine  into  a  folution  of  foap,  an  infoluble  precipitate  is  ^b- J-"^  *  ?Jj|f** ^ 
tained,  which,  treated  with  an  acid,  comports  ilfelf  exadlly  precipitattnludi 
like  a  chamoyed  (kin.  tefemWet  •  chM 

Thefe  refults,  and  the  confiderations  to  which  the  expofi-it,^J,gmig^pj, 
tion  of  the  principal  operations  of  chamoying  have  given  rifei  P«itiet. 
indooed  M.  Seguin  to  conclude  that  the  (kins,  in  the  fermen- Theory  of  ti» 
(alien  which  they  undergo,  yield  a  part  of  their  oxigen  to  the^"^"* 
oil;  (hat  the  potafh  employed  to  cleanfe  them,  forms  a  foap 
with  the  oxigenated  oil ;  that  one  part  of  this  foap,  by  com- 
bining with   the  difoxigenated  (kin,   produces  the  infoluble 
fobftance  which  makes  the  (kin  chamoyed ;  and  that  the  other 
part  ferves  to  conftitute  that  greafe  which  remains  in  the 
leather. 

*JFtofii  Bulletip  d«i  Science*,  Tom.  HI.  p.  209. 
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This  work  is  the  more  interefling,  becaufe  hitherto  no  one 
has  confidered  chamoying  in  a  chemical  view,  and  becaufe 
the  analyfis  to  which  M.  Seguin  has  fubmitted  his  refults, 
renders^it  rufceptible  of  acquiring  that  perfe^ion  wbich  the 
difcoveries  of  thischemifi  have  already  given  to  the  art  of  the 
tanner. 


IX. 

Analjfa  and  Decowpnfition  of  a  Liquor  employed  to  render  Sh/ffr 

impermeable  to  Water.    By  M,  Vauqcelin.  * 

I. 

It  is  known  that,  for  feme  years,  different  perfons  have 
been  fuccefsfully  employed  in  rendering  llufis  impermeable  to 
water,  an  obje£k  of  great  importance  in  the  clothing  of  fold»rs 
and  failors. 

The  inventors  of  this  procefs  have  hitherto  kept  the  means 
they  make  ufe  of  fecret :  there  was  only  feafon  to  fuppofe; 
that  fome  fat  oil  was  the  bafis  of  their  receipts,  but  experi- 
ment has  not  yet  developed  it, 

A  bottle  of  this  preparation,  of  which  the  efficacy  was  known, 

having  accidentally  come  into  my  bands,  gave  me  a  defire  to 

inveftigate  its  compofition  ;  but  before  Haling  the  p!an  which 

I  followed  with  this  view,  I  fliall  dcfcribe  its  pli)fical  pro^ 

perties. 

Fbyfical  charac-      It  is  a  white  liquor,  milky  and  opake,  of  a  bitter  tafte,  and 

^  of  a  liquor    fmelling  like  (oap  j  on  its   furt'ace  there  is  a  fpecies  of  cream 

ftiiffs  imperme*  referobling  that  of 'milk,  and  it  ftrongly  reddens  the  tindlure 

able  to  water,     of  turnfole.     From   thefe  propcTties  1  thought  it  was  flmpiy  a 

folution  of  foap,  of  which  it  ftill  retained  the  fmell  and  tafie, 

which  had   been  decorapofed    by  an  acid ;    but    fubfequent 

experiments  foun  convinced   me  that  there  was  fomething 

more  in  it. 

Chemical  exa-        ^^^ft  Experiment, — To  find  whether  I  could  feparate  the 

m.iiation.  white  matter  which  rendered  the  liquid  turbid,  by  filtration, 

A  turbid  part  is  I  P"^  *  certain  quantity  of  it  on  bibulous  paper :  it  pafFed  tur- 

fcpjrjtfd  by  re-  bid  and  milky  for  a  long  tinie,  but,  by  returning  it  fevcral 

pcaud  fi  traaon.  ^|^^^  ^^  ^1^^  ^,^^^  fi\ieT,  I  fucceeded  in  obtaining  it  as  clear 

••  From  Bulletin  des  Sciences,  Tom.  III.  p.  210. 

as 
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M  water;   and  I  afterwards  examined  the  liquor,  and  Ae 
matter  which  remained  on  the  fiher,  feparately. 
'  Second  Experiment, -^U  my  conjedlure  was  well  founded* 
I  (hoald  only  find  in  this  liquor  the  bafe  of  a  fbap  united  to  an 
acid^  of  which  there  was  a  fuperabundance.     My  firft  care  Contalas  fuU 
was  to  falisfy  myfelf  of  the  nature  of  this  acid,  and  thai  which  P**"'**  ■****• 
its  tafte  had  already  indicated  to  me,  was  confirmed  by  mu- 
nate  of  barytes  producing  in  it  an  abundant  precipitate,  in« 
folnble  in  nitric  acid :  thus  I  was  convinced  that  the  liquor 
contained  fulphurlc  acid  ;  but,  en  the  other  hand,  ammonia  AmmoiiU  forait 
having   produced  in   this   liquor  a  white,    flocculent,   ^^mi- ^^j^****^^* 
tranfparent  precipitate,    I  faw  that  it  contained  fomething 
more  than. the  fait  refulting  from  the  decompodtion  orCoap, 

Third  Experiment. — I  then  precipitated  a  certain  quantity 
of  this  liquor;  I  waQied  the  precipitate  and  dried  it:  as  ii 
had  all  the  ph\fical  chara6ters  of  alumine,  I  combined  it  with      ' 
fulphuric  acid  ;  I  added  to  it  a  little  fulphate  of  potaQ),  and, 
by  a  flow  evaporation,  obtained  fome  very  fine  alum.     We  Coataim  aiu. 
have  therefore  already  found  in  this  liquor  alumine  and  ft*l- ?"*2kl  ft***!^^ 
phoric  acid,  doubtlefs  combined  in  the  (late  of  alum.  alttm} 

Fourth  Experiment, — It  was  now  requifite  to  know,  whether 
the  liquor  from  which  I  had  feparated  the  alumine,  did  not 
Hill  contain  fome  other  fubflancci  and  I  therefore  fubmilted 
it  to  fome  trials  by  the  re-agents,  among  which  the  oxigen« 
ated  muriatic  acid  and  the  infufion  of  nut-galls  enabled  me 
to  di(cover  a  new  body  :  the  fird  rendered  the  liquor  turbid,  and  alio  an  ani* 
and  foon  afterwards  produced  white  flakes  in  it ;  the  fecond  ""^  ""^^^tcr, 
produced  yellowifb-white  flakes,  in  much  greater  abundance 
than  thofe  arifing  from  the  efft^d  of  the  muriatic  acid  ;  whence 
I  fufpe^ed  that,  befides  the  matters  mentioned  above,  this 
liquor  contained  an  animal  matter,  and  more  particularly  ge- 
latine. 

Fifth  Experiment, — To  be  better  fatisfied  of  the  nature  of 
this  fabflance,  i  evaporated  the  liquor  to  drynef't,  by  means 
of  a  gentle  heat ;  I  obtained  a  yellowifh  fait,  of  a  bitter  tafle, 
wfaidi,  by  being  re-difTolved  in  water,  left  a  voluminous 
yellow  matter,  in  tfie  form  of  flakes,  very  glutinous,  and  ac- 
qairing,   by  drying,   a    fort  of    elafticity.      This   fubflance,  \ 

placed  on  burning  coals,  fwells  and  exhales  white  fumes, 
which  have  the  odour  of  ammonia  and  fetid  oil,  fuch  as  are 
generally  given  by  animal  matters. 

.    I  no 
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vhicti  ii  gc[«-        I  no  lon^r  doubled  limt  a  cerUin  quanlily  of  animal  ge- 
'  laline  bad  been  put  Jnlo  Ihis  ccimpnlilinn,  wiili  the  inlcatjon 

of  giving  fteatet  vifcofily  to  ihe  licjuor,  and  enabling   it   to 
fupporl,  for  a  longer  lime  and  more  effedively,  ihe  p«rts  of 
the  oil  in  fufpeiilion.     Il   is   probably  by  bea!  and  by  a  com- 
incncement  of  dccoinponiion,  lltat  ihe  animal  gclaline  bad  be- 
come infolDble  in  water ;  but  1  perceived  ihat  the  liquor  con- 
Uining  (be  fall  al(o  held  fome  of  it  in  foluiiun,  for  the  rouri- 
ftticacidand  iii'ulioii  of  galls  flill  formed  precipitates  in  il| 
only  lefs  abundant  than  the  lirf)  time. 
a»mInMtonof       Siith   F.rpdirneiit. — In   lliis  e»periment  I   endeavoured   (o 
Jl^'.''"'^        learn  the  nature  of  the  fat  fubfiance  retained  in  the  filter,  and 
•  of  wiiicli  t  have  fpoken  above:  my  intention  was  principally 

to  difcover  whether  it  hdd  fome  other  fubflance  in  combi- 

Por  this  purpofe  I  burned  it  with  the  filter  in  a  platjna  cru- 
cible; it  eiihaled  a  vapour  limilar  tothat  of  lallon  or  the  oils; 
it  left  fume  afhes,  of  which  the  filter  had  furniflied  a  part :  I 
found  a  fmall  quantity  of  aluDiinc  in  them,  which  could  only 
proceed  from  the  oil,  for  the  bibulout  paper  did  not  contain 
an  atom.     I  am  alfo  of  opinion,  thai,  in  addition  to  the  alu. 
mine,  thii  oil  contained  a  fmall  quantity  of  animal  matter, 
but  I  cannot  pofiiively  alTert  it, 
wliich  ictiincd        Thus,  notwiihflanding  the  exceft  of  acid  which  exifled  in 
fane  ilutninc  in  [he   Irqaor,  the  oil   in  precipitating  carried   with  it,  and   re- 
tained in  combination,  fome  atumine,  and  probably  fomeani- 
»alEcbli,.c. 
It  ii  a  eoraUni-      Hence   the  fubftance   which,  by  unitirg   vrith   Raffs,   ren. 
*"*"       M  ^^'^  them  impermeable  to  water,   is  not  the   oil  alone,   but  a 

inaljclitiMi      combination  of  this  fubRance  with  llie  alumine,  and  probably 
with  the  animal  gelatine,  which  renderi  this  property  more 
durable, 
•nrjjieldjaliiile      Seventh  FiperitiielU.—The  liqnor  which  I   bad  fiirceflivelv 
^»j;^['''i'''"'deprivedof  iheoil,  the  alumine.  and,  in  pari,  of  the  animal 
matter,  by  the  ditferenl  procelfei  mentioned  above,  gave  me, 
by  a  flow  evaporation,  cryftals  of  a  fait  compofed  of  fuda  and 
fulphaie  rif  polaDi. 
Anottici'  ani'  Eighlli  Etperiineiii. — I  made  a  belter  atialylis  of  this  liquor 

"f^  by  another  procefi,   which  I  Ibjil  detail  very  brielly. 

I  precipitated  the  alumine  and  the  oil  by  lime-water;  I 
collefled,  waflied,  and  calcined  the  precipitate  r  that  which 
remained  in  the  crucible  was  alumine  and  lime. 

4  The 
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Tbt  liqooTy  from  which  there  iDBtteri  bad  been  fepBrated^ 
evaporsted  to  a  certain  degree,  yielded  Tulpbate  of  Iime>  a 
certain  quantity  of  animal  matter^  become  infoluUe  by  this 
deficcation  of  the  liquor,  aod»  finally,  fulphale  of  foda  and 
potafli,  containing  alfo  animal  gelatine,  foluble  in  water. 

The  following  is  the  manner  in  which  I  conceive  this  liquor  Mannerof  pie- 
was  ptepBi^df  wiih  the  exctption  qf  the  prcp&rtian% :  Soap  and  P^^  di^  ^ 
gbe,  or  any  other  gelatine,  was  diflbived  in  water;  a  foin- 
tion  of  alum  was  mixed  with  the  iblution  of  thefe  fubfiances, 
which,  by  its  decompofition,.  formed  in  the  mixture  a  floccu* 
lent  precipitate,  compofed  of  oil,  alumine,  and  animal  mat- 
ter; afterwards  fome  dilute  fulphnric  acid  was  added,  to 
redi^olve  the  alumine  in  part,  to  render  the  precipitate 
lighter,  and  to  prevent  it  from  falling:  but  the  alumine 
being  once  combined  with  the  oil  and  animal  matter,  will 
sot  diflbire  again  entirely  in  the  fulphuric  acid,  which  is  the 
leaibn  why  the  oil  continues  to  be  very  opake,  and  neither 
nfes  nor  predpitates :  it  will  be  underflood,  that  too  much 
Upbaric  acid  is  not  to  be  added.  I  do  not  know  if  this  is 
pieciMy  the  manner  in  which  it  is  made ;  I  only  know,  that 
b^  following  this  procefs,  I  fucceeded  in  compofing  a  liquor  . 
txaftly  refembling  it,  and  which  poflfefTed  the  fame  pro- 
perties. 
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Neto  ExperimtnU  an  AhforpHon  by  Charcoal^  mdde  by  Metau  qf 
a  new  Machine.    By  C.  L.  Moaozzo.* 

!•  In  the  fecond  memoir  which  I  pubUfhed  on  charcoal,  i^Pirft  ootict  af 
1783,t  I  mentioned  my  intention  of  employing  its  property  of  i«^«»^iww 
aUbrbing  the  gafes,  to  form  a  good  eudiometer.  I  immedi^ 
ately  fet  about  the  confinidion  of  an  infirument  with  which  I 
aiade  fome  experiments;  but  t!ie  agitation  of  the  times  obliged 
me  to  abandon  my  purfuits:  a  philofopheri  however,  to  whom 
I  had  (hown  this  inflrument,  took  the  liberty  of  publilhing  it, 
Qotwithfhmding  its  imperfedlions,   and  without  naming  the 

'  ^  From  the  Journal  de  Phyiique,  Florealy  An.  XII. 
"t  Journal  de  Pfajiiquey  p.  376. 

author. 
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aiilbor  *•  Let  us  f>ar8  over  tbefe  anpleafant  evSentSy  lis  well  as 
the  alterations  l^)cl  corredions  which  I  made  to  b^ing  the  in-> 
flnnnent  to  its  prefcnt  flate:  the  defcription  which  follows^  and 
the  figure  will  be  fufficient  to  (how  what  tl  now  is. 

Dtfcription  of  the  In^rument.     (Plate  XIV.) 

De(2Hptioii  of        II.  A  B  is  a  tube  of  clear  glafs,  three  lines,  and  a  half  in 
the  inilromeat.  diameter  and  eighteen  inches  high :  to  this  tube  a  llop-oock  C 
Is  fixedp  to  (hut  the  communication,  by  means  of  the  key  D, 
fo  that  the  tub^  may  be  filled  with  water  or  mercury,  and  the 
gas  to  be  examined  may  be  afterwards  pa(fed  in.    To  this  Qop- 
cock  C  a  large  one  C  is  foldered,  an  inch  and  a  half  in  dia- 
meter, and  alffloft  three  inches  long.     The  handle  F  F  ferves 
to  turn  the  key  of  the  (lop-cock  £ ;  this  key  has  a  bole,  one 
inch  and  three  lines  in  depth,  and  feven  lines  in  diameter* 
(Fig,  2)  in  which  the  charcoal  is  placed.  This  key  isperfe^ly 
tight,  and,  when  turned,  communicates  with  the  cock  C,  Fig^ 
3,  not  permitting  the  pafFage  of  any  air  whatever.     The  large 
(lop-cock  is  enclofed  in  a  wooden  frame,  and  well  fecured  by 
means  of  the  nut  fl,  which  confines  the  lower  end  of  the  fiop- 
cock  £  behind  the  board;  the  lower  extremity  of  the  tube  dips 
into  a  veflfel  of  mercury  II;  the  board  M  M  keeps  the  inftru- 
ment  perpendicular;  N  N  are  pads  which  ferve  to  raife  the  cup 
filled  with  mei4;ury ;  O  O  is  a  fcale  mounted  on  a  (lip  of  wood, 
which  is  graduated  to  inches  and  lines.     The  endlefs  fcrew  P 
ferves  to  raife  or  lower  this  fcale,  to  bring  it  to  the  level  of  the 
mercury  in  the  cup. 

•  III.  After  having  ufed  the  indrument  for  fome  time,  it  h 
necefTary  to  unfcrew  the  keys  to  clean  them,  for,  by  ufe,  duft, 
charcoal,  or  a(hes  will  get  in,  which  deranges  the  inflrumonty 
and  fufiers  air  to  pafs. 

IV.  From  feveral  experiments,  I  found  that  the  (lop-cock 
D  C,  which  is  attached  to  the  cryilal  tube  (hould  be  of  (leel, 
for  on  examining  the  refidual  air,  or  filling  the  tube  with  mer- 
cury to  examine  any  gas,  the  mercury  will  at  length  attack  the 
copper. 

*  The  author  does  not  name  the  perfon  here  alhided  to  ^  and  ia 
a  note  he  gives  a  defcription  of  this  firil  imperfc6l  inftrument,  re- 
ferring to  the  figure  fo  publiflied.  This  is  omitted,  becaufe  of  little 
utility  and  not  intelligible  without  that  figure.    N. 
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V.  I  alfo  think  it  right  lo  propofe  a  finall  alteratiofi:  it  is  PMpoCed  'mm 
that  the  extremity  of  the  tobe  which  is  plunged  into  the  bowl ^^^^ 
of  mercury,  ftiouid  be  a  little  more  bent,  that  the  refidnal  gas 

may  be  transferred  with  greater  eafe:  this  (light  variation^ 
however,  is  not  at  all  injurious  to  the  inflrument,  becaufe  the 
heights  are  roeafured  by  that  of  the  mercury,  the  level  of  which . 
is  indicated  by  the  fcale  pre|>ared  for  that  purpofe;  itsgreateft 
inconvenience  will  be  to  make  a  larger  and  more  cylindrical 
bowl  neceflary* 

VI.  This  machine  was  made  by  J.  B.  Piana,  a  very  Ikilfol  Accuracy  oT  the 
mechanic;  he  contirudted  it  with  fuch  accuracy,  that  it  pre- 

ferved  the  motl  perfed  vacuum  for  eight  days,  which  is  what 
I  am  unacquainted  with  in  pneumatic  machines. 

Manner  of  ufing  the  Infirument* 

yil.  Suppofe  I  am  deftrous  of  examining  ttie  abforption  Method  of 
eSbded  in  atmofpheric  air  by  charcoal.  The  tube  A  B  is  filled  •^  *** 
with  the  atmofperic  air  of  the  place  in  which  the  machine  is: 
the  (lop-cock  D  is  open,  the  upper  one  is  clofed :  I  place  tlni 
cup  of  mercury  under  the  tube,  into  which  I  infert  a  fmall 
glafs  fyphony  to  caufe  Ihe  air  to  take  the  level  of  the  mercury* 
If  I  make  ufe  of  a  gas  I  pump  out  thie  internal  gas  of  the  tub9 
with  a  glafs  fyringe,  to  bring  the  level  within  the  tube  to  that 
of  the  exterior  mercury  in  the  bowl.  Afterwards  by  means 
of  the  fcrew  P,  I  move  tlie  fcale  till  its  zero  is  alfo  at  the 
level  of  the  mercury. 

I  make  a  piece  of  charcoal,  weighing,  half  a  dram  ot  thirty^ 
fix  grains,  red-hot,  and  with  tongs  place  it  in  the  cavity  G  of 
the  large  flop-cock ;  I  then  turn  the  handle  F  F,  and  in  a  few 
minates  the  mercury  will  be  feen  to  afcend  mofe  or  lefs  in  the 
tube,  according  as  the  air  is  more  or  lefs  pure. 

If  it  is  wifhed  to  examine  other  gafes,  or  atmofpheric  air  ' 
brought  from  another  place,  then  clofe  the  key  D,  and  fill  the 
tube  A  B  with  water;  afterwards  difplace  the  water  with  the 
gaS|  in  the  common  way  by  means  of  a  transferrer;  bring  it 
to  the  mercury,  and,  by  means  of  bibulous  paper,  abforb  the 
water  perfedly ;  then  wipe  the  outfide  of  the  tube  carefully 
with  warm  flannel,  and  leave  the  inflrument  at  refl  for  two 
hours  :  or  otherwife  make  ufe  of  a  mercurial  apparatus,  which 
is  preferable. 
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IncQwopiknces  qf  the  InfirumenU 

Incoavenioices*  VIII.  Nothing  is  more  certain  than  the  property  poflefled 
by  charcoal  of  kbforbing  a  more  or  lefs  confiderable  qaantity 
bf  gas,  and  of  atmofpheric  air ;  the  experiments  which  I  have 
pobliQied  are  a  complete  demon ilration  of  it;  but  I  then  made 
ttfe  of  white  glafs  tubes,  hermetically  fealed  at  the  opper  ex- 
tremity, and  paflTed  the  charcoal  under  the  mercury,  by  which 
its  interdices  were  filled  with  that  fluid.     At  prefenti  on  en- 

*"  *  ^  .  .  deavouring  to  make  comparative  experiments  with  my  new 
xnacbine,  winch  I  was  deiirous  (lionld  be  a  perfe6t  eudiometer, 
1  found  that  the  cavity  G,  in  which  I  placed  the  charcoal,  and 
the  fmall  fpace  between  the  two  keys  of  the  flop-cock,  con* 
tained  air ;  that  by  the  heat  of  the  charcoal  (his  air  was  di- 
^  lated,  and  partly  expelled,  and  that  confequently,  on  opening 
'  .  '  the  key  of  the  flop-cock,  a  fmall  abforption  was  occafioned 
by  the  vacuum  thus  made,  and  the  mercury  then  rofe.  To 
convince  myfelf,  and  to  difcover  at  what  quantity  this  abforp- 
tion might  be  calculated,  the  apparatus  being  arranged  as  for 
other  experiments,  inflead  of  charcoal  I  introduced  a  piece  of 
red-hot  pumicc-flone  (I  gave  the  preference  to  this  fubflance^ 
becaufe  I  was  certain  that  it  had  not  the  property  of  abforbing 
the  air,  and  alfo  that  it  would  not  take  a  greater  heat  than 
charcoal) :  on  turning  the  key  an  abforption  of  an  inch  took 
place,  and  from  feveral  experiments,  I  am  convinced  that  this 
quantity  is  uniform  within  half  a  line. 

• 

CorreSiion  of  the  Irtftrument. 

Corredion  of  IX«  From  the  experiment  made  with  the  pumice*flone,  it  is 
the  inftrumcnt.  obvious  that  if  an  inch  is  deduded  from  the  total  abforption, 
the  real  abforption  produced  by  the  charcoal  will  be  obtained. 
Beddes,  in  comparative  experiments  this  imperfedtion  caufes 
no  error ;  becaufe  as  they  are  all  conducted  in  equal  circum* 
fiances,  the  variations  produced,  either  by  the  different  gafes, 
or  by  the  difforent  quality  of  the  charcoal  made  ufe  of,  will  be 
always  proportional. 

X.  With  this  inftrument  I  made  feveral  experiments  which 
1  (liall  now  relate. 
On3<r  of  the  ex-      XI.  I  began  by  examining  the  a6lion  of  charcoal  when  cold, 
pcrimsnt'!.  ^^^  afterwards  at  a  low  heat;  I  then  examined  the  abforption 
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Iff  charcoal  cxpofed,  for  a  greater  or  lefs  length  of  time*  to  the 
light  of  the  fan ;  this  enabled  me  to  afcertain  the  quantity  of 
light  and  cdoric  which  enter  into  the  charcoal. 

KIL  Theexperimentt  on  atmofpheric  air«  which  m  mcirt  or 
Mk  abibrbed  according  to  its  puritji  follow  neict. 
•  Xin.  After  thefe  are  (he  experiments  on  different  gafes. 

XIV.  Oxigen  gas  gave  me  very  fingolar  refults,  diame- 
trically oppofite  to  thofe  I  had  obtained  in  tubes  hermeticallj 
MM,  and  when  I  paflfed  the  charcoal  through  the  mercury^ 
#hich  deranged  me  greatly  in  the  confeqnences  I  dedttced 
from  if. 

XV.  After  this  article  will  follow  fome  con6derations  on 
the  qoaltty  of  the  charcoals  made  ufe  of,  which  prove  that  their 
property  of  abforbing  is  different  according  to  their  different 
qualities. 

XVI.  I  afterwards  (how  that  my  inftmment  may  be  ufed  in 
ttiany  cafest  if  inftead  of  mercury,  coloured  water  is  empbyed, 
but  with  reqoifite  modifications. 

-  XVI I.  The  charcoals  which  had  been  employed  in  tbeeac* 
periments  all  acquired  a  greater  weight :  I  endeavoored  to 
^xtrad  the  air  which  they  had  abforbed. 

XVIII.  I  alfo  mention  the  trials  which  may  be  made  by 
^turating  the  charcoal  with  different  fubftances^  having  only 
roade  four  experiments. 

XIX.  I  then  proceed  to  the  conclufion,  in  which  I  endea- 
vour to  give  the  explanation  of  thefe  experiments.  The  ops* 
nion  which  I  had  adopted  in  the  fecond  memoir,  receives  ad» 
ditional  confirmation  from  it ;  but  the  refults  of  the  experi- 
ments I  made  on  oxigen  gas  having  changed  the  ideas  I  had 
formed,  I  am  not  willing  to  hazard  an  explanation  at  prefent, 
-Phiiofophers  will  therefore  be  contented  with  having  new  fads 
and  new  experiments. 

The  experiments  which  I  detail  were  repeated  feveral  times, 
and  their  accuracy  may  be  depended  on,  as  I  can  affure  my 
readers,  thati  have  always  confidered  truth  as  the  brighteft 
ornament  of  a  philofopher. 

Experiments  made  with  my  new  InfirunuTU, 

ift.  The  charcoal  which  I  generally  employed  was  that  ofEiperimeats 
beech-wood;  the  weiirht  of  the  pieces  half  a  dram,  that  is  to^]?*  ** "•'• 
fay«  thirty-tix  grams. 

S2  2d.  the 


!fd.  The  tube  of  ID)' ginfs  was  eighteen  inche«  long,  from  the 
butiom  of  the  key  to  ihe  futface  of  the  mercury,  the  level  of 
which  is  inrltcaled  by  tlie  moveahle  fcalc.  The  diameter  of 
Ihc  lube  il  Ihlec  hnes  and  a  half:  it  conlains  one  ounce  and 
fcven  drams  —  live  grains  of  water,  or  a  volume  of  almnf. 
pheric  air  of  four  graini  and  a  half  at  a  temperature  of -j-IO". 

ad.  Being  defiroun  of  throwing  a  hghl  upon  ilie   properly   ' 
polTcired  by  charcoal  of  ablbrbing  a  part  of  tlie  aimofplieric  ' 
air,  as  well  as  of  feveral  gafe>,  by  meant  of  my  new  inHru- 
nieiit,  I  made  a  great  number  of  experiment',  nliich   I   fliaH  1 
V  di:fi-fibe. 

4lh.  Chartoal,  when  cold,  has  ihe  property  of  aliforbing  ' 
fome  fmiill  portions  of  almofphenc  air,  and  this  abforplion,  »U  • 
though  very  [low,  it  not  complete  in  lefs  than  Iwenty-foin' 
hours. 

Oa  charcoal  3lh.  Widiing  lo   try  whether  charcoal   la  which   heat  had 

^"oBolfloT   "*""  communicated  wilhoutdirefl  expofure  to  fire,  would  Oiowf 
iw,  any  abforbent  poiver,   I    ]>laced  a  piece  in  a  fmall    malralij- 

I  which  I  immerfed  in  boiling  water  for  an  hour;  having  ailer- 

ward*  pot  the  charcoal  into  Ihe  machine,  I  obtained  an  nb*  ' 
forption  of  about  three  inches.  • 

6th.  I  boiled  oil,  rn  which  I  left  ihc  niairafs  fur  an  liour|.) 
an  eNperimcinl  with  Ihis  charcoal  gave  an  abforpiion  of  ihrca 
inches  Iwo  lit,cs. 
7lh  A  fmall  Rialraf)  containing  a  piece  uf  charcoal  was  im-  ■ 
merfed  for  an  hour  In  boiling  a'kaline  lixivium  :  il  gave  am 
abforption  of  ihree  inches  three  lines  nearly, 
Thefe  three  experiments  (liow  that  heat  communicaled  to 
charcoal,  even  without  the  contact  of  fire,  give»  it  the  pro*, 
pcrty  of  abforbing  a  larger  portion  of  air.  . 

3ftd»[»re(j[o  tith.  The  preceding  experiments  induced  me  to  examiiWj 
ihc  tol«  liglit.  whether  the  light  of  ihe  fun  would  communicate  Ihe  fame 
properly  to  charcoal,  I  therefore  expofetl  ditferent  pieces  to 
Ibis  light,  ilia  white  porcelain  bowl,  and  ihc  abforptloniwere 
proportionate  In  the  times  which  Ihe  pieces  were  expufed 
Ihe  light  of  ihe  fun*. 


i 


*  At  ihe  inftant  of  putting  a  pitce  of  chi 
I  placed  anollm  which  hid  been  tupafed  with  ihe  red  to  the  Ion  for 
three  hours,  on  the  bulb  of  a  ihermomrier ;  it  only  raifed  one  de- 
gree and  a  half  of  Reaumur's  fcale ;  Ibe  heat  therefore  wai  na 
very  confiJcrable, 
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After  two  hours  the  charcoal  abforbed  one  iDch  tvf o  lines. 

After  three  hours,  one  inch  eight  lines. 

After  five  hours,  two  mches. 

After  feven  hours,  three  inches  nearly. 

It  is  difficult  to  obtain  very  precife  refults,  becaufe  the  heat  The  light  viU 
of  the  fun  is  greatly  varied,  according  to  the  wind;   but  Jn^***^ 
this  cafe  it  is  Ijght  as  light  which  unites  with  the  charcoal,  for 
fn  very  cold  days  when  the  thermometer  in  the  (hade  was  at  — 
6^,  I  ftill  obtained  an  abforption  *. 

9(h.  Being  defirous  of  afcertaining  whether  this  abforbent     ^ 
property  belonged  to  charcoal  exclufively*  I  tried  fevera!  other 
bodies,  which  there  was  reafon  to  believe  contained  a  great 
deal  of  the  matter  oT  fire. 

10th«  I  took  a  fniall  cylinder  of  loaf  fugar,  cold;  it  did  not  Experiments 
produce  the  fmailefl  apforplion.  *°*^  ^*'**> 

A  fimilar  piece,  which  I  had  heated  in  a  matrafs  with  boil- 
ing water,  gave  an  abforption  of  between  two  and  three  lines. 

A  piece  of  fugar  which  had  been  expofed  to  the  fun  for  two  , 

hours  alfogave  an  abforption  of  between  two  and  three  lines. 

11  th.  I  then  proceeded  to  the  examination  of  fulphur  and  on  folphurt 
fealing  wax.  ' 

A  cylinder  of  fulphur  of  the  fame  weight  gave  no  abforp* 
tion  when  cold. 

A  fimilar  cylinder,  which  had  been  expofed  four  hours  to  the 
tight  of  the  fun,  gave  an  abforption  of  about  three  Iine<!. 

A  piece  of  cold  fealing  wax  did  not  give  the  lead  abforption,  and  on  fealing 
and  a  fimilar  piece  which  had  been  two  hours  in  the  fun,  gave^"'*^ 
an  abforption  of  about  two  lines. 

12lh.  All  thefe  fmall  abforptions  which  were  obferved  as 
well  in  the  fugar  as  in  the  fulphur  and  fealing  wax,  were  only 
owing  to  the  flight  heat  of  thefe  bodies,  which  produces  a  di- 
latation in  the  air  of  the  cavity,  and  a  difplacing  of  that  por- 
tion of  the  air  which  is  filled  by  the  folid  body ;  for  a  piece  of 
pumice  Aone,  of  cork,  or  of  any  other  body,  produces  the 

*  It  would  be  intereftlng  to  examine  the  abforptions  which  might 
be  produced  by  different  pieces  of  charcoal  which  had  been  in  the 
light  of  the  fun  tranfniitted  through  coloured  glaffes,  or  by  making 
the  diffeient  coloured  rays  fall  on  the  charcoal  by  means  of  aprifin, 
and  to  obferve  whether  the  piece  expofed  to  the  red  ray  would  abforb 
more  or  lefs  than  that  which  had  received  the  violet  ray,  and  fo  of 
the  others* 

fame 
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Chareoal  aJoM  fame  efied*  It  is  therefore  in  charcoal  alone  that  this  abferb- 
a^beotVo-  ^"^  property  refides^  and  it  is  developed  to  the  higheft  degree 
perty.  by  heat  and  light* 

.>  Experiments  on  Atmojpheric  Air, 

^xjftnw^  oo  istb.  I  then  proceeded  to  examine  the  efieds  of  incandeC^ 
-mwTpHf i«  air.  ^^j  charcoal  on  atmofpheric  air,  in  my  indrument^  and  I  re« 
peated  the  experiments  feveral  times :  the  air  of  my  garden 
was  contiantly  lefs  abforbed  than  that  of  my  bed-room,  an  boor 
after  the  windows  had  been  opened^  and  this  was  lefs  abforbed 
than  that  of  my  bed-room  in  the  morning  before  opening  the 
windows :  Ihe  abforptions  were. 

The  air  of  the  garden,  feven  inches  fix  lines. 

The  air  of  the  room  after  the  window  had  been  open,  eight 
inches  one  line. 

The  air  of  the  room,  in  which  it  had  not  been  renovated, 
eight  inches  fix  lines. 
Former  experi-       14th.  In  the  experiments  which  I  made  in  the  year  1785« 
''^^*  with  tubes  twelve  inches  in  height,  and  one  inch  in  diameter, 

I  paflled  the  charcoal  through  the  mercury ;  the  abforption  of 
the  atmofpheric  air  was  then  always  about  three  inches  and 
{\\  lines,  that  is  to  fay,  a  little  more  than  one  fourth  :  in  this 
cafe  it  is  uniformly  greater  and  about  one  third.  Probably  thq 
mercury  filled  many  of  the  interfiices  of  the  charcoal  when  it 
was  pafTed  through  it,  which  might  prevent  this  greater  ab« 
forption. 
Airof  »pri?y.  15th.  I  afterwards  examined  the  air  of  a  privy,  which  was 
taken  into  the  fyringe  feven  toifes  above  the  fewer. 

The  abforption  was  eight  inches,  that  is  to  fay,  nearly  equal 
to  that  of  ray  room.  This  did  not  furprize  me,  becaufe  in 
thofe  compofitions  which  contain  azote,  this  gas  is  not  mnch 
abforbed,  as  we  fliall  prefently  fee :  befides,  Mr.  White  with 
an  eudiometer  of  nitrous  gas  alfo  found  that  the  air  of  a  privy 
gave  him  an  abfoption  equal  to  that  of  common  air  *. 

Experiments  on  the  Gafes, 

Expfrimentt  on      16th.  After  having  examined  the  atmofpheric  air,  I  pro* 
^^**  ceeded  to  the  examination  of  carbonic  acid  gas :  I  filled  the 

•  See  Journal  de  Phyfique,  Tom  XVITJ.  p.  145,  and  the  reflec- 
tions of  Guyton  Morveau  in  bis  excellent  treatife  on  the  means  of 
difrnfe^ing  the  air. 

tube 
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tobe  witb  iUBg%»^  which  I  had  extraded  from  powdered  msfr-  Carbonic 
ble  by  vitriolic  acid.    I  placed  the  incandefcent  charcoal  in  thef^* 
machine  which  effedied  «ui  abforption  of  fixteen  inches  fix  lines, 
that  it  to  (ay»  of  eleven  twelfths  of  the  capacity.    This  £x-  •  '.  ^'^ 

periment  correfponds  exadly  with  that  which  I  made  with  the  I 
tube  of  twelve  inches  in  height,  and  one  inch  in  diameter,  and ' 
in  which  the  charcoal  was  pafTed  throogh  the  mercnry :  tiie 
ablorption  in  that  cafe  was  eleven  inches. 

17  tb.  I  afterwards  examined  the  effed  produced  on  the  famei 
gai  by  a  piece  of  charcoal  which  had  remained  five  boors  in 
the  folar  light.    It  caufed  an  abforption  of  ten  inches  and  three, 
lines,  which  furprized  me  greatly. 

1 8th.  But  to  afcertain  whether  charcoal  has  any  pecoliar 
affinity  with  carbonic  acid  gas,  I  tried  this  gas  by  placing  a 
piece  of  cold  charcoal  in  the  machine,  and  the  abforption  waa 
nine  inches  fix  lines. 

1 9th.  To  difcover  the  effed  of  carbonic  acid  gas  when  mixed  A  trnxture  of 
with  atmofpheric  air.  1  filled  the  tube,  which  is  eighteen  inchea^^JJJV^^ 
bigh,  with  nine  inches  of  carbonic  acid  gas,  and  nine  inches  pherk  air. 
of  the  air  of  my  room  with  the  windows  open  :  the  charcoal 
cfieded  an  abforption  of  twelve  inches  and  three  lines. 

On  analyting  this  experiment,  it  agrees  perfediy  with  thofcf 
related  above,  for 

The  abforption  of  the  air  of  my  room  was    8  inches  1  Ime. 

■  of  the  carbonic  acid  gas       16  6        ■ 

Total      24  7 

The  half  of  this  is  twelve  inches  three  lines  and  a  half» 
within  half  a  line  of  the  abforption  obtained. 

20lh.  I  afterwards  tried  the  a6tion  of  charcoal  in  hidrogen  Hldrogen  fii» 
gas,  obtained  from  iron  by  fulphuric  acid,  and  the  abfoption 
was  three  inches  and  one  line :  it  was  accompli Ihed  in  five  or 
fix  minutes,  and  flopped  at  that  height :  the  effefl  obferved 
in  my  machine  did  not  furprize  me,  for  I  had  noticed  in  my 
firA  memoir,  that  of  all  the  aeriform  fluids,  hidrogen  gas  was 
abforbed  the  lead.  There  is  a  peH'ed  correfpondence  between 
this  experiment,  and  that  which  I  made  in  the  year  1783,  in 
cryfial  tubes  of  one  inch  in  diameter  and  twelve  in  height :  the 
abforption  was  then  two  inches  and  one  line,  that  is  to  fay,  one 
fixth  of  the  height ;  in  my  new  machine,  the  tube  of  which  is 
eighteen  inches  long,  the  abforption  was  three  inches  and  on« 
line,  whidi  is  alfo  the  fixth  of  the  capacity. 

521$.  On 


21 R.  On  trying  ihe  fame  hidrogen  gas  wiih  a  piece  of  char*' 
coal  which  h&d  been  kepi  aboui  Tour  hours  in  ihe  biighl  folw  I 
light,  1  had  only  an  abfnrplion  of  fix  lines.  ' 

2:Zd.  I  next  proceeded  ti>  the  eKaminalicn  of  azote  ga).  I' 
began  by  examining  that  oblained  from  almofphccic  air,  inl 
which  a  candle  was  exiinguilhed. 

The abforption  was  fix  inched.  ' 

2JH,  I  examined  thai  obtained  by  the  cnmbunion  of  fulphur,-^ 
and  had  an  abforption  of  feven  inches  and  three  hnes :  il  is  to 
be  ubferved  Ihat  this  gas  alwayscontainsfulphureousacid,  andt  i 
for  Ihat  reafon  more  of  it  was  ablbrbed. 

A  fecond  experiment  with  the  charcoal  gave  me  fet'cn  inches'  I 

I  afteri^ards  tried  the  azote  gas  oblained  fruro  almorpheris^J 
air  in  which  I  had  extinguijlieda  large  piece  of  charcoal  undw£  J 
a  bell  :  the  abforplion  was  feven  inches  fix  lines ;  but  this  t;H'  f 
always  contains  a  little  carbonic  acid,  and  contetiuentjy  iher 
a  larger  abforplion. 

21-ih.  To  be  fare  of  having  Ihc  pureft  azntegns  without 
mixture,  I  took  the  gas  obtained  by  decompoling  nitrous  acid 
by  means  uf  hidrogen  gas,  which  hR  gas  had  been  obtained 
from  the  decompofiiion  of  water  by  iron. 

The  abforplion  watonly  &x  indies  and  one  line.  ■.■ 

We  have  not  yet  very  corre£l  ideas  with  reCpefi  to  azole;.'j 
il   appeared   lo  me,  however,   in   feveral   of  the  esperimeniR   { 
which   I   made  wilh  atmofpheiic   air,  lliat  when   it   if>   united 
wiih  aqueous  vapour,  more  of  it  is  abrorbed  than  when  in  a 
dry  flale.     Befldes  il  is  evidenl  that  the  azote  gas  is  not  much 
abfutbed,  which  correfponds  with  niy  firft  experimenlE. 
(T^'t  Cuitclufion  in  our  next.) 


XI. 

On  the  Commerce  of  Hem  Eg^i,  mid  on  ihdr  PreJ'en-ati'm.     By  J 
M.  Pakment.ek  •. 

1  HERE  are  very  confiderable  diffiirences  in  the  eggs  of  J 
hens  in  relpefl  to  fiz;.  Someareas  large  a*  ihe  eggs  of  durkt.  f 
while  other,  rek-mble  Ihofeof  pigeons.      M.  Paimenlicr,  froq'J 

Mb^bHtd"  *  t^"""  Bulltiin  dcs  Seiencci,  Torn.  III.  p.  3lt. 

I  die  bcB<  obfervBlioni'J 
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-  XGGt    OF    HBirS. 

eUervfttionfl  on  a  great  number  of  hem  of  different  breeds, 
which  he  reared  in  the  fame  place^  hat  found  thai  the  bulk  of 
Hie  egp  depends  much  more  on  the  breed  of  the  hen  than  on 
Ae  qoanlitj  of  nourilhroent.  Thofe  breeds  which  give  the 
hvgeft  eggs  are  not  however  to  be  preferred  on  tliat  account^ 
becaufe  with  them  as  much  may  be  loft  in  the  quantity  of  eggs 
as  is  gained  by  their  fiae.  Of  aU  the  breeds  known  in  France 
the  author  gives  the  preference,  with  refped  to  the  produce  of 
€ggt«  to  tliat  which  is  called  the  common  hen,  and  which  is 
only  common  becaufe  its  merit  is  known.  Thofe  which  have 
black  legs  are  in  greater  efteem  than  thofe  with  yellow  ones. 

From  comparative  experiments  continued  for  a  year,  M, 
Parmentier  found  that  though  the  eggs  of  this  breed  were  not 
fb  large  as  fome  others,  yet  every  thing  befides  being  equal 
they  produced  at  leafl  one  half  more. 

Next  to  this  breed  of  hens  comes  the  crefted  hen  and  the  Superior.  hruA 
hu-ge  FJemifh  hen.  The  one  is  more  delicate  eating,  becaufe 
laying  lefs  than  the  common  hen,  it  grows  fatter;  the  other* 
without  being  more  produ^ive,  is  preferable  for  raifing  chick- 
ens. The^Xryhen  (poule  dejbie)  fo  beautiful  in  its  form  and 
in  the  fineneft  of  it^  plumage,  fo  careful  in  laymg,  fo  arduous 
in  fett  jng,  fo  tender  of  its  chicks,  might  be  recommended^  but 
unfortunately  two  of  its  eggs  are  not  worth  one  common  egf^. 
This  circumftance  places  it  among  thofe  which  muft  be  left  for 
the  curious. 

After  the  choice  of  the  breeds,  care  muft  be  taken  that  the  Manageoient  • 
hens  are  neither  fed  too  abundantly  nor  too  fparingly  ;  that  they  ****  **^** 
do  not  wet  their  feet,  that  they  are  fufficiently  clofe  in  the  rooft 
to  heat  and  electrify  each  other;  and*  that  they  meet  with  a 
little  warm  dung  in  the  day  time. 

When  the  only  objefl  in  keeping  hens  is  to  procure  eggs, 
and  thus  turn  to  profit  the  grain  which  remains  among  the  chaff 
and  in  the  dung-hills»  it  is  wholly  ufelefs  to  keep  cocks  at  the 
fame  time,  becaufe  experience  has  (hown  that  hens  deprived 
of  the  male  do  not  lay  lefs  than  thofe  which  have  it.     The 
faving  by  this  is  not  the  only  nor  the  greateft  advantage.    The 
unfecundated  eggs  keep  much  better  than  thofe  which  are  fe-  Unfecnndated 
cundated.     It  has  been  found  by  experiment  that  they  can  fup-  *t^'  ^^  ^^^ 
port  a  heat  of  32**  (87^  F.)  for  thirty  or  forty  days  without  experi-      ^  '  • 
encing  any  change.     It  is  therefore  evident  that  the  evapora* 
tion  of  the  liquors  is  not^  as  Reaumur  thought,  the  immediate 

caufe 


^^^H  csufe  of  the  putrid  chacifte  Id  eggtf  and  lliat  lo  prererva  theiD^ 

^^^H  it  ii  not  fuiiicieni  to  cover  them  with  greafe  or  oil,  as  lliis 

^^^H  leaincj  man  recommends,  Qikx  in  the  experiment  montioned 

^^^H  above  tJie  un  fee  undated  eggi  did  not  fpui),  iliough  they  loft 

^^^P  contiderably  by  evaporation.     The  recundalion,  by  the  pnn- 

^^H  ciple  of  life  which  itcominunicales  to  the  genu,  expofei  the 

eggi  to  many  accidents  which  do  not  take  place  with  thofe  in 
which  the  male  has  had  nu  Oiare. 
Ciulei  of  the         M.  Farnieniierparticulariz&i  fomeof  thefeaoctdenti.     Some. 
fpolUngof  cfii-of  ihem  arifefrom  the  conmenceinent  of  the  developement  of 
the  germ.     Sometimes  it  is  enough  if  feveral  hens  iay  th«ir. 
eggs  in  the  fame  neili  for  the  egg  which  is  lirll  laid  in  it,  par- 
^^^^  taking  in  ruccclTian,  anO  for  Tome  hours,  of  the  heat  of  the 

^^^^H  beni  which  follow  each  olheri   undergoes  a  fpecies  of  incuba- 

^^^^  lion  which  CKcilei  the  vitality  of  the  germ,  and  this  egg  be- 

^^^  comes  changed,  though  it  is  but  recently  laid.     It  is  thus  that 

eggs  of  the  fame  age  appear  lrec|uenily  to  differ  in  their  frcHi- 
iiefs.     At  other  times  the  change  in  the  egg  may  arife  from 
^^m  tlie  fecundating  germ  being  killed,  either  by  thunder,  or  in 

^^h  the  conveyance,  by  the  jolting  of  the  carriage  or  the  rolling  of 

^^H  the  vellel,  or  b^  the  lapfc  of  time.     Whc^n  the  germ  ii  ooce 

^^B  dead  it  corrupts,  and  communicates  the  corruption  to  Ihkt 

Utilitr  of  im-    whicli  furrounds  it.     Thii  theory  appears  to  explain  one  me, 
B»(linE  ihcijgt  (hod  I  made  ufe  of  ruccef.fully  for  preferving  eggs  even  when 
in  bwlinj  wiiei.  fecundated  ;   it  confifls  in  plunging  them  for  a   couple   of  fe- 
cond^  into  boiling  water.     It  is  known  that  by  this  means  they 
become  fufci^plible  ul  being   ptefetved  fur  feveral  months,  if 
they  are  afterwards  kept  in  a  cool  place,  or  in  fall.  M,  Par- 
men  tier  fufpefis  that  the  utility  of  this  procefs  depends  on  the 
defliuftion  of  the  vitality  of  the  germ   by  the  boiling  water. 
lEg!  Ilia  Ktci        Marincrsairtri  that  eggs  laid  at  fea  keep  belter  than  others. 
''"P'""!!"  ^*"  May  not  this  arifc  From  the  hens  on  board  a  fliip  having  no  com, 
nmnicalion  with  cocks?   Fur  (he   f.ime  reafon  the  diminilbed 
vigour  of  the  cocks  in  our  poultry  yards,  in  autumn,  may  be 
one  caufe  of  the  eggs  'aid  in  that  feafon  being  more  capable  of 
being  kept  than  thofe  of  Hie  firfi  laying,  to  which  may  be  added. 
that  [he  hens  are  at  that  time  fed  more  with  grain  and  Icfs  with 
herbage. 
lUquliiMi  for         From  thcfe  obfervations,  M.  Parraenlier  thinks  that  the  firft 
keepiai  egjs      coDdltiOQ  towards  obtaining  eggs  capable  of  being  preferved 
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MAtP^NO   WHITE.  COf?!^.  ^fffj^ 

•od  tnukfporUd  withoot  fpotling,  is  not  to  J^eep  t  cock  with  die 
heiu  in  the  poultry  yard.  It  is  aa  error  to  fuppofe  that  eggi 
not  fecundated  have  a  worfe  tafte  than  thofe  which  are  fo* 
The  mnthor  afcertained  that  the  mod  delicate  palate  was  inca« 
pable  of  difcovering  any  difference.  Afterwards  it  is  only  re- 
quifiteto  (belter  the  eggs  from  hamidityj  light,  heat,  and  froft. 
The  method  which  facceeded  bed  with  the  author  was  to  pro- 
cure baikett  made  of  draw,  in  which  he  placed  the  eggs  with 
layers  of  chaff"  between  them.  The  ftraw  and  the  chaff*  are 
dry  materialst  fmooth«  very  bad  condu6lors  of  heat,  and  con- 
fequently,  very  proper  to  preferve  the  charader  of  frefhncfs  in 
the  eggs:  thefe  ba(kets  were  afterwards  fufpended  in  a  dry^ 
dark  and  airy  fituation. 
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XII.  -  . 

Mithod  of  giving  the  Colour,  Grain,  and  Hardnefs  cf  Steel  to' 

Copper.     By  B.  G.  Sage*. 

JVlARGRAFF  and  Pelletier  have  publiOied  their  invefliga^ 

tioDs  relative  to  the  union  of  phofphorus  with  different  metallic  V 

fabffaiK^es;  the  French  chemiff  has  brought  this  procefs  to  per- 

fedton:  it  was  by  repeating  and  varying  his  experiments  that 

I  difcovered  that  the  readied  and  moff  certain  method  of  phof-  The  ttadidi  mk 

phorating  copper  is  to  lake  the  copper  in  the  metallic  form,  to  JJ^  of  unitint' 

melt  it  with  two  parts  of  animal  giafit,  and  a  twelfth  part  ofccpp«r 

powdered  charcoal.    But  it  is  eflfential  that  the  copper  ihould'^"'' 

oflfer  a  large  furface;  an  advantage  which  is  obtained  by  ufing 

chips  of  this  metal,  which  are  to  be  placed  in  alternate  layers 

with  the  animal  glafs  mixed  with  the  powdered  charcoal.     I 

expofe  the  crucible  to  a  fire  brifk  enough  to  melt  the  animal  , 

glals;  it  forms  phofphorus;  the  greateff  part  of  which  burn4 

while  another  part  combines  with  the  copper,  in  which  it  if 

fo  confolidated  that  it  does  not  quit  it,  although  it  is  kept  in 

fafion  for  twenty  minutes  under  the  animal  glafs  which  has  not 

been  decompofed. 

When  the  crucible  has  cooled  and  is  broken,  the  phofpho-  Phofphofatsd 
rated  copper  is  found  under  the  glafs,  which  has  pafTed  to  the  ^Pf*** 

♦  From  Jouraal  de  Phyfique,  MciBdor,  An.  XII. 

4.  flate 


rlTARD    AJfD    WHire    COffBt.  ■ 

flate  or  a  red  enamel,  in  the  form  of  a  gr«)'  and  brilliant  but- 
ton :  on  weighing  it,  it  is  foand  lo  have  acquired  one  tn'elfth 

by  this  operation. 
In  aaion  on  If  the  melted  phofphoraled  copper  falls  on  a  plate  of  poli{hed 

P°         una.      \tQn,  h  fpreads  iifelf  in  ihe  form  of  plates  of  variom  configu- 
rations which  are  iridefcent  like  (he  neck  of  a  ^ijjeoii. 
Ii  more  fgfible        Phofphorated  copper  is  much  more  fulible  than  red  copper  : 
tiaa  tapper.       i(  may  be  often  indted  under  chartoal  powdc-r  without  loling 

its  ptopertiei, 
DoM  not  quit         The  fame  phofphorated  copper,  expofed  for  a  long  lime 
(be  phofphoruj    under  a  muffle,  doea  not  fenarate   from  the   pliofphorus  wilh~ 
without  aiffi-  ,  .  J  «•     1, 

cully.  °"'  R""^^'  diffiLully. 

Reft mWei (led  The  copper  ihm  combined  willi  Ihe  pliofphoruj acquires  the 
in  hitdnrfs,  hardnefs  of  (lee I,  of  which  it  has  the  jjrain  and  the  colour; 
mdd"i''.^'°tl^'''^^  ''•  ■'  "  f"f"P'iWe  of  Ihe  rood  beaiitirul  polidi;  it  is  turned 
RllKtv»po-  eelily  m  ihe  lathe;  it  does  not  change-  in  Ihe  air:  I  have  fot 
but  toUwair.     fjfi^g^  years,  kept  buttons  of  polillied  phofphoraled  copper  in 

iny  laboratory,  which  have  not  expeiit'nced  tho  kaft  change. 
,  The  copper  does  not  develope  any  fmell  on  lieing  rubbed  :  if 

it  was  duftile  it  would  be  of  the  grealell  utility,  iinue  fat  ba- 

diei  do  not  feem  lo  make  any  imprelTion  upon  i(. 
A  faiiU  quui-         In   ihe   phofphoralion  of  copper  ihere  is  only  3  part  of  tfae 
tiiVufe™iu  animal  glafs  decompofed:  becaufe  afunidenl  quantily  of  char- 
piepiriiion,        coal  is  not  emplojed  lo  convert  all  the  acid  into  phofphorus; 

but  it  is  necelfary  that  lliis  Oiould  be  ihe  cafe,   ihiit  the   phuf. 

phorated  copper  may  feparale  and  collect  witli  faciliiy. 
Kideaimel.  The  deep   red   enamel  which  is  lonned  in  this  CKpcrimeni 

may  be  advanlageniifly  employed  for  porcelain  or  lh«  enamels, 

iince  it  does  nut  change  Colour  in  Ihe  fire. 
Copper  ind  Copper  cannot  combine  with  pliol'phorus  except  in  the  dry 

oyitrcoro^  **■"■>'■  ^^  "  '^y^'"'^'^'  °^  phofphorus  is  put  iiiio  a  folulion  of  ni- 
bincd  ID  th«  dry  Irate  of  copper  diluted  wiili  four  or  five  ihoufand  pari*  of  wa. 
"'•''■  (er,  at  the  end  oi  eight  days  the  copper  will  be  found  in  a  me. 

Llallic  form,  cryllallized  and  duflile,  lorming  a  cafe  for  the  cy- 
lindei  of  phofphoru). 
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xni. 

Objhrratiom  on  Mr.  Govgh's  two  Letters  on  Mixed  Gqfes.*  .    . 

1*0  Mr.  NICHOLSON. 
SIR, 

\S/ilY  reply  to  Mr.  Cough's  Hridlures  being  chargeable,  it  Introdaaioa* 
ieemsy  with-  acrimony  and  ridicule,  and  with  having  but  few 
argnments  and  Ihofe  in  appearance  negligently  conduced, 
(though  tlie  lafl  charge  requires  a  whole  letter  to  make  it 
good) ;  I  propofe,  in  what  follows,  to  avoid  the  two  former 
oftbere  as  much  as  may  be,  and  to  be  as  careful  as  poflible  in 
cooduAiog  my  arguments;  fo,  that  if  they  appear  to  Mir.  G. 
deftitute  of  (hat  logical  precifion  wliich  charafterifes  his,  he 
amy  alcribe  it  to  my  inability,  and  not  to  any  want  of  incU- 
natioo. 

The  accuracy  of  Mr.  G.'s  demonAration  in  the  former  let«  OMemtiooiw 
l«r,  depends  upon  that  of  three  phyfical  data :  \ft.  The  fpe-  Jf^^^J^ 
cific  gravity  of  azotic  gas ;  2d,  The  fpecific  gravity  of  oxi«  g tJOet. 
genoas  gas;  and,  Sd^  The  quantity  of  oxigen  in  a  given  vo- 
lume of  atmofpheric  air.     If  any  one  of  thefe  be  wrong,  it 
may  prove  fatal  to  his  demonftration :  now  it  unfortunately 
liappeDs  that  all  three  are  wrong,  and  that,  when  corrected, 
they  prove  the  very  reverfe  of  his  propofition ;  namely,  thift 
mtm^herical  air  is  a  mechamval  mixture  qf  oxigenous  and 
mtotic  gajh. 

Mr.  G,'s  data  are, 
Sp.  gravity  of  azotic  gas,         .985 

oxigenousgas,  1.103 

Quant,  of  oxigen  in  atmo- 
fphere,  per  cent,  in  bulk,      22-25-28,  uncertain  which* 
The  true,  or  at  leaft  the  mod  approximate  numbers,  are, 
Sp.  gravity  of  azotic  ga5,  -  .966 

— oxigenousgas,  1.127 

Quant,  of  oxig.  in  atmofphere, 
/>^  cenr.  in  bulk,         -  -  21 

Then,  per  Mr.  G.'s  theorem,  21  x  1,127  =  23.667 

and  79  X     .966  s^  76.31+ 


99.981 
*  Set  Paget  107,  160,  of  tht  prefent  Vol. 


The 


OUervatSoBs  m  The  fain  It  b  near  100,  that  Mr«  G.  will  not  venture  to  pre« 
Mr.  GoagVt  fume  any  thing  on  the  difference*  further  than  that  the  data 
^^  are  ftill  in  a  fman  degree  inoorred,  which  I  believe  no  body 

will  difpute  with  hiro. 

Mr.  G.  by  this  time  is  ready  to  query,  How  do  you  know 
your  data  to  be  more  corred  than  mine  ?  I  will  now  inform 
biro. 

Dr.  Prieftley  was  perhaps  the  firft  to  invefligate  the  fpecific 
gravities  of  the  two  gafes  in  queHion.  His  method  was  very 
exceptionable ;  but  fuch  is  generally  the  cafe  in  the  infancy 
of  any  fcience.  (See  Vol.  IL  Page  4-52,  abridg,  Ed,  qf  hii 
Hut.  Philof.)  He  found  assotic  gas  as  much  lighter  than 
cocnroon  air  as  oxigenous  was  heavier*  Mr.  Kirwan  foon 
afler  gave  a  much  nearer  approximation;  namely*  the  one 
which  Mr.  G.  has  adopted.  Lavoifier  alfo  found  the  fpec^f^ 
gravity  of  feveral  gafes.  (See  Elements  of  Chemifiry,  Jpptmjj^ 
Table  7).  His  refults  nearly  agree  with  Kirwan's  in  reganl 
to  pxigen,  but  differ  confidcrably  in  regard  to  azote.  Lafltjr. 
^  Mr.  Davyy  when  invefligating  the  compounds  of  azote 

oxigen*  found  it  expedient  to  afcertain  with  preciiion 
fpecific  gravity  of  the  two  gafet.  Having  every  means  j 
hi^  prcdcceffors*  and  their  refults  before  him*  he  ought 
lead  to  have  decided  in  regard  to  the  difference  beti 
(hem.  Accordingly  he  finds  his  refults  to  agree  with  Lavi 
fier's  in  refpedl  to  azote ;  but  he  finds  the  fpecific  gravity  oF 
oxigen  feme  what  greater  than  either  of  them.  (Ste  Ite^ 
fear  dies,  pag,  565], 

The  following  table  exhibits  the  refults  of  all  thefe  together, 
reduced  to  the  (landard  of  atroofpheric  air. 

Specific  Gravities  of 

Azotic  Gas.     Atmof.  Air.    Oxigenous  Gai. 
According  to  Prieflley,      .989     —     1.000     —     1.0  U  ' 
Kirwan,        .985     —     1. 000     —     1.103 
Lavoifier,     .966    —     1. 000    —     1.102 
Davy,  .966     —     1.000     —     1.127 

As  for  Mr.  G.'s  third  datum,  I  think  it  fcarcely  pardonable  in 
the  prefent  day,  for  any  one  to  pretend  to  difcufs  a  queftion 
concerning  the  conflitulion  of  the'atmofphere,  under  the  un- 
certainty whether  it  contains  22  or  28  per  cent,  of  oxigen« 
He  ought  to  be  accjuainted  with  the  biliory.  of  ^eudiometry, 

and 
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mod  to  repeatt  experiments  conGdered  as  decifive,  efpteUllj  bbfimn^siM^ 
as  Ihcy  are  of  a  fimple  nature.     All  the  chemifts  of  Europe  JJj^^jjJjj^ 
feem  to  be  agreed,  that  either  21  or  22  per  cent,  in  bulk,  isg^, 
the  proper  number.     My  own  experience  gives  21  for  the 
neareft  integer,  which  agrees  with  Mr.  Divy's  in  your  Joarnalf 
(quarto  Series),  Vol.  V.  page  173  :  if  Mr.  O.  entertains  any 
doubt  on  the  fubje6t,  I  would  refer  him  to  that  paper,  and  he 
wilt  receive  ample  fatisfadtion. 

'   After  what  has  been  faid,  I  think  Mr.  G.  roufl  be  fatisfied 
that  he  has  virtually  demonflrated  the  atmofphere  to  be  a  me- 
chanical mixture  of  the  two  gafes :    If,    however,  he  ft  ill 
alledge  that  I  only  oppofe  one  authority  to  another,  and  that 
his  is  as  good  as  mine;    then  I  would  recommend  him  to 
(atisfy  himfelf  as  follows :  mix  2 1  parts  (or  a  quantity  of  gat 
^otaining  21)  of  pure  oxigen,  and  79  of  pure  azote,  toge* 
jfber;  after  this  proceed  to  the  anal y (is  of  the  gafes,  and  exa* 
^ioe  the  differences  between  the  refults,  and  thofe  done  from 
the  analyfis  of  100  parts  of  atmofpheric  air. 
L^  I  cannot  conclude  this  article  without  obferving,  that  Mr.  G. 
^oft  have  been  totally  unacquainted  with  the  opinions  of  chemi- 
^pl  philofophers  on  the  fubje6t,  or  he  would  not  have  expanded 
Into  the  compafs  of  five  or  fix  pages  a  fimple  argument,  which 
has  often  been  adverted  to  by  others,  and  is  now  wholly 
abandoned  as  untenable.      Mr.  Davy,    in  his   Refearchet^ 
publifhed  in  1800,  advocating  the  notion  of  atmofpherical  air 
being  a  chemical  compound,  produces  four  evidences,  on«of 
which  is  (tated  as  follows  :  See  Page  326. 

*•  2dfy,  The  difference  between  the  fp.  gr.  of  atmofpheric 
air,  and  a  mixture  of  27  parts  oxigen  and  73  nitrogen,  as 
found  by  calculation ;  a  difference  apparently  owing  to  ex- 
pan  fi  on  in  confequence  of  combination.''  In  a  note  he  adds, 
•'  The  two  firfl  evidences  have  been  often  noticed."  Thll 
gentleman  however  foon  after,  finding  that  the  atmofphere 
contained  only  21  per  cent,  of  oxigen,  mufl  have  feen  that  this 
evidence  was  not  to  be  admitted.  Since  that  time  it  has  not 
been  urged  by  any  one  to  my  knowledge. 

I  come  next  to  Mr.  G.'s  reply  at  page  160.  This  at  the 
commencement  purports  to  be  a  defence  of  the  charge,  that 
my  arguments  are  hut  few','  and  negligent!]/  condu6ted ;  at  the 
conclufion  it  is  afferted  to  be  an  aujxuer  to  all  my  obje^liontf 
and  fimtething  more,     Th'a  language  maybe  that  of 'logical 
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DbfcT'itiDnt  on  precifion  with  Mr.  G.;  bul  it  would  have  been  more  intclli- 

ttfa.  }fi,  A  tefuUlion  of  Mr,  D.'s  arguroenls  in  favooc  of  hii 

Oncn,. 
2d,  An  anfwer  lo  liitobjeflions  broughlagainll  mine. 
3U.   New  ubjeaiona  to  I1I9  fyflern. 

I  The  fird  lliing  woitby  of  noiice  is  ihe  objeflion  (o  roj  ■ 

gument  for  llie  mutual  penetrability  of  gafcs.  I  have  afTumed 
oiie  poftuliile  anil  laken  too,  and  the  latter  of  ihem  is  erro- 
ncoii<;,  namely,  (hat  all  gafrs  arc  jioruui.  llh  true,  I  bav^  ' 
taken  In-o  podulales  into  the  argumenl,  without  e9>preMj( 
requiring  both ;  (he  former  being  peculiar  to  wy  tlicory,  ws( 
n fee (Tari I)*  demanded  in  a  formal  way;  the  latter  being  th^ 
refull  of  all  experience,  and  never  in  any  one  inflante  liavin^' 
been  found  lo  fail,  I  ihouglit  it  might  larilly  be-  alTumedi' 
However,  ihe  judgmcnl  of  philofophers  muft  bo  fufpended  o 
this  head,  as  Mr.  G.  il  ft:eins,  h  about  to  prove  that  no 
ii  ptroiu,  and  thai  a  cubic  foot  nf  one  gas  cannot  lit  put  ii 
vrffd  thai  U  pmioufy  occupied  by  another  gna.  Mr,  G.  rureI|P 
cannot  be  lerious  in  ihis  objedion  ;  but  merely  ufes  it  li 
time,  and  means  to  turn  il  i>(f  with  a  laugh,  lh»t  he  ha«  1 
leal)  produced  one  foUd  argument  againll  my  airy  hyptk 
Ibefis.  '^ 

Mr.  G.  Iinds  it  extremely  convenient  for  hU  purpofe,  th^ 
I  fliould  grant  him  (he  following  poltulate:  "  If  a 
vapour  can  pafs  f(eely  through  the  air,  a  fecond  can  alfo  fuo 
eecd  il  at  any  givet)  diilanie."  I  certainly  cannot  conce<lfi 
fo  indefinite  a  demand  ;  but  il  will  perhapi  be  of  equal  ufe  lo, 
him  lo  have  the  following:  If  d  be  the  difiancc  uf  two  paf^^ 
tides  of  vapour  of  the  lemperalure  uf  212°,  nnd  preQure  3^ 
inches;  then,  at  ihe  tcmpci?iure  of  60"  or  upward*,  if  on* 
particle  of  vapour  can  pafs  freely  Ihroiigh  the  air,  a  lixona 
may  fucceed  il  at  any  diftance  greater  than  id. 

As  for  ihe  imporlant.  argument  which  I  confider  equiva!eiif< 
to  a  demondraiion  of  the  nature  of  vapour,  and  of  its  reUlioq  ^ 
to  gafen,  and  entirely  inimical  to  the  notion  of  chemical  afE* 
nily,  Mr.  G.  has  not  ventured  fo  revire  il :  Probably  he  bai  ' 
fomething  in  referve  on  ihis  head.  1  mean  the  argument  de^ 
rived  from  ihe  h&,  that  a  vacoum,  or  any  kind  of  air"4P 
any  den&ly  whatever,  lakes  up  jull  Ihe  fame  quantity  of  at^ 
vftpour. 
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Thefih^fition  refpading.the  mechanicat  afiion  of  air  on  Q^C>^>^  « 
ibe  farfkce  of  water,  will  be  anfwered  by  Mr.  G«  when  heu»il>!yff^ 
has  proved  that  air  has  no  pores,  or  do  cajmcity  for  the  re-gdb. 
ceiithnqf  water,     For^  nothing  can  be  more  dear  than  that, 
whatever  may  be  the  preifure  of  the  atmofphere,  and  how^ 
erer  few  the  points  of  its  adion,  water  cannot  be  forced  into 
the  pores  of  air,  if  it  have  none. 

Bifr*  6.  proceeds  to  (late  two  new  fads,  which  are  faid  to 
be  tnexpiicable  on  my  principles :  I  muft  undertake  the  ar- 
daoos  ta(k.     The  fadts  are,  Ift,  Air  containing  aqueous  ya- 
pour  is  fpecifically  lighter  than  air  without  it,  oiteru  parUme; 
and,  2d,  A  bottle  internally  moid,  containing  air,  being  heat- 
ed,   more  air  is  expelled  than  if  the  bottle  had  been  dry. 
Both  granted.— -Now  for  the  explication.'    The  fpecific  gnb* 
vity  of  aqueous  vapour  has  been  found  by  De  SauCTure,  Wat|» 
and  others,  to  be  about  •!  or  i  of  that  of .  atmofpheric  air  in 
Jike  circumftances ;  by  fome  experiments  of  my  own  I  an 
. induced  to  think  it  is  nearly  .7,  that  of  air  being  I.    Let  the 
,  temperature  be  64>^,  and  the  air  be  filled  with  vapour  as  mucli 
as  poffible  in  the  temperature,  in  which  cafe  -^  of  the  elafiip 
ifbrce  will  be  due  to  the  vapour.     C^ee  Mdnck.  Mem.  Vol.  V^ 
J'.  2,  page  559) ;  then,  by  the  theorem  fo  elaborately  exem;- 

^lified  in  Mr,  G.'s  former  letters,  we  have  7l  = 

•4>9.7 

-~-  =  .994,  for  the  fpecific  gravity  of  common  air  filled  with 

vapour  at  64^,  when  that  of  dry  air  of  the  fame  temperature 
i¥ouId  be  I.  Thus  it  appears  that  my  h^pothefis  not  only  ex* 
plains  the  fad  of  diminilhed  fpecific  gravity,  but  accounts  for 
the  quantity  of  diminution.  Can  Mr.  G.'s  theory  of  chemical 
folntion  do  iW\^  ? 

In  the  fecond  cafe  we  find  heat  generating  vapour,  which 
increafing  in  quantity  and  force  with  the  temperature,  dififufes 
itfelf  through  the  air  in  the  bottle ;  the^and  being  occafionally 
removed  from  the  mouth,  fuffered  the  extra-portion  of  air 
and  vapour  to  Hart  out ;  jufl  as  if  there  had  been  a  generation, 
of  a  like  portion  of  oxigen,  or  any  other  permanent  gas,  in- 
ilead  of  the  vapour ;  in  which  cafe  a  portion  of  both  does 
certainly  efcape.  Mr.  G.  finds  the  vapour  generated  this 
way  between  59  and  126^,  to  be  rather  lefs  than  ^  of  aU 
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Obfemtiomoii  mofplieric  rorce;  it  oughl  to  be  juR  ^  by  (be  (aUe  a1»ve 
*^T^°""E'>;»  ^  referred  lo.  But  it  is  obvious,  that  by  removing  ihe  hand 
faiei.  occaJionally.  llie  fali  quantity  of  vapour  Tor  any  lemperalure 

could  never  be  <^taJned  in  this  way,  no  more  than  pure  oxigen 
could  be  procured  in  the  botlie  by  a  fimilar  procef*.  The 
grand  quedioii  witli  Mr.  G.  however,  is.  How  does  vapooc 
of  hair  an  inch  force,  expand  the  pores  of  air  fub|e£t  lo  SO 
inches  of  preffureP  And  hissnfwer  Teems  to  be,  it  it  impoffible, 
according  lo  the  axiomt  of  dynamicx.  This  queAion  is  whit 
I  (hall  now  confider. 

Having  myfelf  studied  the  principles  of  dynamici,  as  well 
u  thofe  of  many  other  mathematical  and  ph)rical  fciencea* 
under  (lie  tuition  of  Mr.  Gough,  I  feel  under  (Irong  obligiih 
tion  to  him;  but  (hefe,  he  will  readily  grant,  do  not  bind 
me  to  fubfcribe  to  his  opinions,  when  1  cannot  perceive  then 
to  be  well  founded.  He  charges  me,  in  the  prefent  inftanc^ 
with  a  mitlake  in  regard  to  dynamics ;  but  he  has  not  pointed 
out  any  particular  axiom  which  I  have  offended  :  The  miflake^ 
1  think,  is  with  him,  and  Aiall  endeavour,  in  what  followi^ 
to  point  it  out. 

I(  is  a  principle  in  dynamics,  that  whenever  a  fyfiem  of 
bodies  aft  upon  each  other,  and  are  in  a  Rate  of  equilibriudi 
the  leofi  furce  imprelTed  itpon  any  one  difturbs  Ihe  equilibriuio. 
Thus,  the  ocean  and  ihc  air,  though  bound  to  the  earth  by 
tls  fuperior  aiiiaflion,  arc  neverthclef^  diilurbed  by  Ihe  feebler 
influence  of  the  moon.  Air  in  a  bottle  is  a  fyflem  of  partidei 
at  equal  diflances  repelling  each  other,  bul  in  equilibrium  bf 
the  gravity  of  the  incumbent  almofphere ;  confcquenlly  th> 
Uaji  force  imprelTed  upon  them  muO  diilurb  lliat  equilibrium. 
Now,  *x  h/pothefi,  air  does  not  lepel  vapour  at  a  diftanc^ 
but  only  in  conlafi;  therefore  vapour  can  be  formed  in  fud 
ft  fyflem  :  when  once  formed,  it  meets  with  no  elatlic  reCft- 
ance  or  repulfion  but  from  parliclea  of  lis  own  kind;  tfaei^ 
fore  it  is  conflantly  lending  outwards,  where  the  particles  of 
its  own  kind  are  lead  denfe :  in  its  way  it  infringes  upon  par- 
ticles of  air,  and  exerts  fuch  force  as  il  is  capable  of  upon 
them :  a  number  of  particle;  of  air  are  thus  gently  propelled 
in  Ihe  direftitin  of  Ihc-  flreain,  and  Ihe  reft  of  (he  •yltcm  ar« 
obliged  lo  accommodate  Ihemfelves  in  order  lo  preferve  the 
equilibrium  :  thus  the  diflancej  of  the  parlidei  of  air  are  gn- 
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-dtmUy  incmfedf  and  that  in  proportion  to  tbo  ibnee  which     - 
the  vapour  exerts.  Therefore  vapour  of  the  leaft  poffiblo  focco 
can,  in  fuch  circiimfianoss^  extend  the  poresof  air*    Q»£.  ]X 

I  remain  yoar'i , 

J.  DALTON, 
ManeheJUr,  Nov.  15,  1804» 


XIV. 

Solnc  Acetnai  qfa  Condenftr  qf  Forca,  or  a  Method  qf  obUdfi' 
ivg'ike  greatejt  pqffibk  Effc^  from  a  firft  Mover,  (^  which  <Af 
Energy  it  JUl^ed  to  Increafe  or  Diminution  within  certain 
Limits;  ontLin  general  to  vary  at  FUqfiire  the  Refi/tance  tQ 
which  the  Effort  qf  the  firft  Mover  form%  an  Equilibrium  ta 
aay  Machine  whatever,  without  cha/^ng  oay  Part  qfthc  Cm* 
ftrudion.    By  R.  Prony.* 

X  HE  problem  of  mechanics^  of  which  the  folation  is  hereProUemiia 
given^  is  one  of  the  fmall  number  of  thofe  which,  leading  to*"^***""^** 
leTuIts  independent  of  the  particular  mechanifm  of  the  ma^ 
chine  to  which  they  are  applied,  prefent,  in  their  folution,  a 
generality  which  may  be  compared  with  that  of  the  rational 
mechanics,  or  analyfis. 

It  may  be  enunciated  in  the  following  terms  : 

<'  Any  machine  being  confbrudled,  to  find,  without  making  enonciated. 
any  change  in  the  condrudlion,  a  means  of  tranfmitling  to  it 
the  a£lion  of  the  firft  mover,  by  fulfilling  the  following  con* 
ditions;  viz, 

**  1.  That  it  may  be  poffible  at  pleafure,  and  with  greatConditionij 
fpeed  and  facility,  to  vary  the  refiflance  (againfi  which  the 
eiEut  of  the  firfl  mover  mufl  continually  make  an  equilibrium) 
in  limits  of  any  required  extent. 

''  2.  That  the  re6flance  being  once  regulated,  (hall  be  ri- 
goroufly  confiant  until  the  moment  when  it  is  thought  proper 
to  increafe  or  diminifh  the  fame. 

'*  3.  That  in  the  mofl  fudden  variations  of  which  the  effort 
pf  the  Hrft  mover  may  be  capable,  the  variation  in  velocity  of 
the  machine  (hall  never  undergo  a  folution  of  continuity." 


#  From  the  Bulletin  of  the  Philomathtc    Society  at  Parity 

Mo.  83. 
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I  (hall  here  apply  [he  folution  which  I  have  difcovereti  of 
(hi)  problem,  (o  Ihc  dynamic  cffeSt  of  wind  ;  it  will  be  eafj 
to  make  ihe  lame  general  when  (he  other  firft  movers  are  ufed. 

The  feftion  and  pla^i  of  ihc  machine  ate  exhibited  in  Plates 
P-XV.  andXVI.  OO  reprefenis  Ihe  vertical  arbor  to  which 
.  windmill  fails  are  adapted  ;  ecce  is  an  atTumblage  of  carpen- 
try, of  which  one  of  (he  radii  O  e,  bears  a  curved  piece  b  d, 
of  iron  or  ileel :  Vertical  axes  of  rotation  a  a  a,  being  placed 
round  the  a\is  OO,  alfo  divide  tlie  circumference  in  which 
they  are  found  into  equal  parti. 

Each  of  ihefe  axes  carries  a  curve  a  J,  of  iron,  fieel,  or 
copper;  fo  fituatecl,  that  when  the  wind  afts  upon  the  fails, 
the  curve  (iJ  preflbsagainfl  one  ofthe  curvcsa/,  and  caufes 
the  vertical  axis  to  which  lliis  laft  curve  is  fixed,  lo  make  a 
portion  of  a  revolution. 

The  curves  b  d  and  af  laaR  be  fo  difpofed,  [hat  when  li  d 
ceafes  to  prcfs  on  one  of  the  curves  □/,  it  (hall  at  the  fame 
_  iaRant  begin  to  afl  upon  (he  following  curve  :  [he  number  of 
Sites  which  ate  provided  wi[h  ihefe  curves  mull  he  deler- 
mlned  by  (he  parlicular  circumllances  of  each  cafe;  and  it 
is  a!fo  praflicabic  lo  fubfltlute,  inflead  q(  b  d,  a  por[ion  of  a 
toothed  wheel  having  its  cen(re  in  the  axis  O  O,  and  to  place 
portions  of  pinions  inflead  of  the  curves  af,  but  the  difpoli- 
lions  reprefcnted  in  the  figure  are  preferable. 

Each  of  ihe  axes  aaua  (which  are  all  lilted  up  alike, 
though,  for  the  fake  of  clearnef',  only  one  of  them  haj  its 
apparatus  reprefcnted  in  the  drawing),  each  of  ihefe  carries 
a  drum  or  pulley  rt  rr,  on  which  is  wound  a  cotd  that  patTes 
over  a  pulley  j),  and  fcrves  lo  fuppoil  a  weight  Q  by  meani 
of  the  lever  F  G|  upon  which  this  weighl  may  be  flided  and 
Mened  a(  different  diilances  Irom  llie  point  of  motion  G. 

The  fame  axes  ii  a  pafs  through  ihe  pinions  q  q,  (o  which 
they  are  not  fixed ;  but  ihefe  pinions  carry  clicks  or  ralcheiLi. 
which  bear  sgainil  the  teeih  r  »■ ;  fo  thai,  when  the  weif;ht  Q 
lends  to  rife,  the  ratchett  gives  way,  and  no  other  elTed  ii 
produced  on  Ihe  pinion  qq,  eidier  by  (he  motion  of  the  axil 
or  of  the  drum  tlrr,  excepilng  that  which  caufes  the  afcent 
of  the  weighl  qq.  Bui  the  infianl  that  the  curve  or  tooih  bi 
ceafes  lo  bear  againll  one  of  the  curves  af,  after  having 
caufcil  Ihe  corrcfponding  weight  Q  to  rife,  (hat  weighl  Q 
tends  to  rcdcfccnd,  and  ihen  the  toothed  wheel  r  i-  a£ti  againll 

the 
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the  ratdiettt  lb  that  Q  cannot  defcencl  without  taming  the  l^^lem  in  4; 

pinion  yy  Jong  with  the  drum  Urr.  "^TLrlV, 

The  pii)ion  q  q  takes  in  the  wheel  a  b,  from  the  motion  of  wright  to  «  yi 

which  the  ufeful  effea  of  the  machine  immediately  refults;  (o^^  ^ 

•f  '       moYer*  itod 

that  the  effed  of  the  defcent  of  one  of  the  weights  Q,  is  to  cnnlmit  tfa* 
ibiicit  the  wheel  A  B  to  motion,  or  to  continue  the  motion*^'**  *^ 
in  concurrence  with  all  the  other  weights  Q,  which  defcend 
at  the  fame  time.     This  wheel  A  B  carries  beneath  it  oblique 
or  bfeveiled  teeth  G  D,  which  take  in  a  like  wheel  C  C,  and 
caufe  the  buckets  at  S  to  rife. 

The  alternation  in  the  motion  of  thefe  buckets  may  be  ef* 
feded  by  the  mechanifm  I  have  defcribed  in  the  firfl  volume 
of  the  Memoirs  of  the  Inflitute, 

From  the  preceding  defcriplicm  it  is  feen  that  the  machine, 
being  fuppofed  to  ilart  from  a  Hate  of  repofe,  the  wind  will 
at  fir  A  raife  a  number  of  weights  Q,  fuflficient  to  put  the  ma* 
chine  into  motion,  and  will  continue  to  raife  new  weights 
while  thofe  before  raifed  are  fallen ;  fo  that  the  motion  once 
ipopreifed  will  be  continued. 

Among  the  numerous  advantages  of  this  new  mechanifm  we 
may  remark  the  following  : 

1.  No  violent  (hock  can  take  place  in  any  part  of  the  me- 
chanifm. 

2.  The  ufeful  effed  being  proportioned  to  the  number  of 
weights  Q,  which  defcend  at  the  fame  time,  this  effe^  will 
increafe  in  proportion  as  the  wind  becomes  Wronger,  and 
caafes  the  fails  to  turn  with  more  velocity.  , 

3.  The  weights  Q  being  moveable  along  the  levers  F  G, 
it  will  always  be  very  eafy  to  place  them  in  fuch  a  manner 
as  to  obtain  that  ratio  oF  the  effort  of  the  firfl  mover  to  the 
refinance,  as  Qiall  produce  the  maximum  of  efied. 

4.  From  this  property  it  refults,  that  advantage  may  be 
takea  of  the  weakeft  breezes  of  wind,  and  to  obtain  a  certain 
product  in  circumftances  under  which  all  other  windmills  are 
in  a  (late  of  abfolute  ina6tivity :  this  advantage  is  of  great 
importance,  particularly  with  regard  to  agriculture :  the  wind- 
mills  employed  for  watering  lands  are  fometimes  inadive  for 
feveral  days,  and  this  inconvenience  is  more  particularly  felt 
in  times  of  drought.  A  machine  capable  of  moving  with  the 
flighted  breeze,  muft  therefore  offer  the  mod  valuable  ad- 
vantages. 
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tfltallgive  a  more  ample  account  of  this  apparata*  in  «' 
memoir  which  1  (lull  prelcnt  lo  ihe  Inftilutc,  a*  Toan  ai  tb«i 
machine  which  I  am  now  erefiing  in  Ihe  country  (hall  bo 
completed.  •  " 


sv. 

jihjiraa  nf  a  Memoir  on  the  Pnfftbtlitj/  qf  obtainij^  Frvjiaff  qf^ 
Polajk  free  from  Iron ;  tire  Unallerabilily  of  the  Pruffic  Anf 
at  high  Temperatures  ;  and  the  tnie  Nature  nf  the  CombinO' 
lioii)  qf  thii  Add  -jjitk  different  Ba/is.+     Bi/  Bt;cHOLZ. 

Utility  .nj  id-     X  HE  combinalion  of  pruffic  acid  with  falefiable  bafcfi,  forms 

rwc^l^™..^' "  ^''''"*  °^  ''^'"  "^  ""=  E'^"'^*'  ""''''y  '•* ^^"^  analj.ical  chemiH  ^  ^ 
for  by  means  of  them  lie  is  not  only  enabled  lo  afcerlaia 
whether  a  metallic  fubAance  be  prefenl  in  any  folution  which 
forms  (he  fubjefl  of  his  refearch,  but  alfo  what  meial  is  pre, 
fent,  as  well  at  its  iefpe£livc  riuantily.     But  in  order  lo  hi  , 
accurate  in  this  refpefl,  the  re-agcnl  employed  mull  ilfelf  bo 
free  from  metallic  admixture;  or  ihe  quantity  and  nature-OTjl 
the  metal  it  contains  mull  at  leall  ba  known.     To  accomplifh 
Uiii,  chemifts  have  hitherto  laboured  in   vain.     To  reraedj'  i 
tliefe  defers,  Mr.  Bucholz  has  inflituted  a  number  of  expa>^ 
Timenls  which  led  lo  fads  hitherto  unknown  ;  and  as  they  arj? 

I  highly  important,  we  tliall  exhibit  Ihe  refulis  of  the  principal 

ones,  which  are  as  follows : 


•  Tht  praftical  mechinic  may  perhaps  find  it  an  ad»anl3gc  to  M 
informed,  that  the  wholt  effort  of  a  fiift  mover  cannot  l>t  tranF* 


milted  by  th'ra,  or  nny  other  method  of  raifmg  weighls,  in  order  M> 
operate  by  iheir  fall.     If  the  wind  had  tjeen  cmiJuycd  to  taiie  a 
macimum  of  might  through  a  given  fpace  in  a  given  time,  tUi 
weight  vrould  be  Icfs  than  would  continue  in  equilibiio  at  icll  again^i 
ihc  r^me  force,  as  i>  well  known  ;  and  if  tins  weight  be  a^in  em^  .' 
ployed  in  lite  manner  lo  raife  another  nii«imum  of  weight,  th»  « 
alfti  will  be  lefs  than  the  former,  &c.     For  thii  reafon  it  is  that  lb«  / 
fly  has  been  uled  as  an  equnlizer  of  fteam-enginci,  in  preference  t4 
tile  older  method  of  railing   water  and  .'ufTcring  it  to  defcend  on  a^ 
orerfliot  wheel.  W.  N. 

f  Abridged  from  a  memoh'  in  Gehlen's  new  Jouraa)  of  Chanif't,' 
pj.  Vol.  1.  Fan  IV.  Page  40e,  by  —  A. 

J.Ri 


1.  Piaflic  add  can  only  be  formed  during  the  cafbonlza- Pruffic  «ld  it 
eion  of  blood  or  animal  mailer,  at  a  red  heal:  Wc,  iberefore.J^™'''  "^ 
need  not  be  afraid  of  healing  the  miKlure  of  blood  and  alliali, 
in  the  preparation  of  prufCaled  alkalies,  lo  incandefcence. 

2.  The  affinity   of  prullic  acid  with  alkalies  is  greater  Hi  lu  rfmity  wUb 
high  temperatures,  and  in  the  dry  way,  than  at  low  tempera-  'i^t^." 
tores,  and  in  the  humid  way. 

This  obfervalion  d  i Hi ngu  idles  prullic  acid  from  the  reft  of  AH  other  wje. 
the  fo  called  animal  and  vegetable  acids,  and  their  '^"•"ti''"'- dtttroyed '11^1- 
tioni  with  alkaline  bafet ;  for  ail  of  ihem  are  deftroyed  at  a  aiaaa, 
Kd  beat.     Hence  it  it  obviout, 

3.  That  in  the  preparation  or  prulGaled  alkalies,  the  prc-Wiier  (kouUb* 
fence  of  water  fliould  be  avoided  aa  much  as  podible,  >»oiii«I. 

4>  The  direfl  combination  of  prulTic  acid  witli  alkalies,  can-  P.  icid  md  illu 
not  be  accoroplilhed.  *'" "birf"'^''' 

5.  Pure  prullialk'd  alkalies  are  decompofable  by  the  affiiGon  y.  pmffiMed  ilb* 
of  water;  pari  of  the  piuflic  acid  clcapes,  and  may  eofily  be *'"*™P^*'''*  h 
recognifed  by  the  odour  of  bitter  almonds,  and  rrcqucnily  alio 

by  that  of  ammonia. 

6.  The  conibinaiion  of  prulfic  acid  with  alkaliei  can  only  P.  lEid  doet  nof 
be  elfefled  al  all  temperatures  up  to  a  red-heal,  by  the  inlerpojj-  'J5|°'""*,  *"'' 
lion  of  a  portion  of  i)\iJe  of  iron  ;  and  the  affinities  confiding  temp,  bui  by 
between  the  pruffic  acid  and  alkali,  are  retained  with  agieaier  medium  of  iron, 
force  in   the  humid  way,  in   the  ratio  of  the  ponderable  quan- 
tity of  iron  prefent, 

.    7.   All  the   piecipitate^   obtained   in    chemical   analyfis   by  Connwn  pTof- 
neans    of  pniffiaied    alkalies    prepared  in    the  ufual   man- ^^[^'^^^^1^- j^ 
ner,  contain  more  or  lefs  iron,  without  exception;  whereat  irua)  pun  p. 
the  fame  precipitates,  produced  by  ihe  a£lion  of  abfoluiely  si"  ■  diffeieat 
pure  pmiliates,  are  Iree  from  that  metal,  and  of  a  difierent 
colour  than  the  former. 

8.  The  affinity  of  oxide  of  iron  lo  charcoal,  is  more  power-  Moil  of  tha 
ful  than  the  joint  allraaion  of  prullic  acid  and  poUlh  lo  that '""'  prefent  «. 
metal;   hence  we  always   find  that  the   greateft   quantity  of C^   when  d 
that  metal  remaini  behind  with  the  charcoal,  in  the  ufual  >llc  it  midt. 
procefs  for  obtaining  prufliale  of  potalh. 

9,  The  precipitability  of  the  oxides  of  melals  by  pTullialed  Me»l$  are  bk- 
alkalics,   is  in   the  ratio   ol   their  oxidabilily,  or  quantity  ofcip.  byp.  dlcia 

Such  are  Ihe  oblervations  of  this  chemift.     Other  left  in-'"" 

Kg  it&i  will  be  omiU«d  in  (he  prefent  abllrafl. 
Jixperimcntni 
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PHUBSIC    *cil>. 
EjJKiimerUal  Enquiries  concerning  the  litfi  Hfethod  qf  prtpari 
PruJJiatt  eifPotaJh  free  front  Iron. 
Prtpmtien  ef  Four  oz.  dried  blood  were  inljitiately  mist  willi  a  folation 

of  poiath  (conUming  one  ounce  of  potafti),  Ihen  evaporated 
(0  drynefi,  jgniled  to  rednefs,  till  no  more  flame  undulnled 
at  the  furface  of  ihc  ignited  mafs.  The  i^lled  mafs  wat 
diirufed  through  Hx  ounces  of  water,  and  the  Coluiion  filtered. 
The  (iliered  fluid  was  colourlefs,  it  contained  an  excefs  of 
|i  ■         bIIcbII,   and  emilted  a  Itrong;  odour  of  bilier  almonds.      II 

L  yielded,  on  being  evaporaled  at  expediiiouDy  ai  poUible,  a 

r*  WMnrfi  .         feline  j„af,^  conGfiing  of  a   mixlute  of  priiHiale  and  fub-car- 
bonale  of  polafli.     In  order  lo  feparate  tbefe  two  lalts,  one 
drachm  of  the  faline  mafs  wai  introduced  into  a  vial  con- 
taining a  mixture  of  half  an  ounce  of  highly  concentrated 
JWiliTO       alcohol  and  half  a  drachm  of  acetic  acid,  of  1,056  fpec.  grav. 
t'ldcidindilco- O" 'K'^^''"?  '''^  ""■'^  "**  fenfible  effervefcence  took  place, 
ho'-  but  inuch  prutlic  acid  was  difengaged;  a  proof  the  pruHic 

»acid  was  retained  with  a  Itfs  afGiiity  by  the  alkali  llian  the 
carbonic  acid.  On  e\ainining  the  refidue,  which  had  been 
treated  with  acetic  acid  and  alcohol,  it  was  found  lo  contaio 
only  a  fmall  portion  of  ^rutCaled  alkali. 
Very  little  pruf-  From  this  experiment  we  learn,  that  one  pari  of  potalh 
fai«»ble  frra  t^a""*"  be  converted  inio  pruffiale  of  potalh,  by  being  healed 
tbc  cicboutc  bj  to  rednefs  with  four  of  blood  ;  and  that  the  quantity  of  eithtf 
tbofeiia.li.  fj,gg  Qr  carbonated  ftlkali.  under  thefft  ci  re  urn  fiance.,  can. 
not  be  feparaled  from  the  pruffiated  polalh  by  mean*  of 
acetic  acid  and  alcohol. 
Lefi  of  blood  In  order  to  learn  if  a  lefs  quantity  of  bkiod  would  not  be 

■"*ih    "  •ri        •n*^''^  advantageous  for   the  produflion  of  pure  prulCate  of 
potalh,   four  ounces  of  dried  blood,  and  two  of  carbonate  of 
potalh,  were  heated  to  lednefk  in  a  crucible  till  no  more  fiame 
appeared.     On  covering  ihe  mixture  "iih  charcoal  powder, 
.       CTac (Tolutiaq  and  again  heating  it,  a  prodigious  evolution  of  ammonia  look 
^f»Wi»ra..       pi^e,   „   phenomenon    I   do   not   venture   lo   e>.-,.Uin.     The 
^^^L  mafs,  after  having   been  dilfiifed  through  water,  lilicred  and 

^^^L  evaporatedi  yielded  a  crop  of  cryjlals,  confilling  of  pruffiate 

^^^^  and  fub-carbonaie  of  potalh,  the  former  prcdorainaiiDg  con. 

fiderably. 
The  rDbcitkoB-        Qn   fubjefling  thin  minlurc  of  falls  lo   the  joint  aflion  of 
not  fipiiible  by  ^^^''^^  ^^^^  ""''  nlcohol,  it  Was  found  impolBble  to  (eparale 
■Icobcil  and         the  priilliBle  of  potalh  from  tlie  fu bicarbonate. 

Being 


ItetKuij. 


F&US6IC   ACID4  99V 

BeSbg  thai  perfuaded  thit  a  lefs  qoanliftj  of  blood  was  not  Blood  tiiddkafi» 
BBore  advantageous  for  forming  pare  pruffiate  of  potaQi,  ImJIIiI^^**! 
again  mingled  two  ounces  of  dried  blood  with  one  of  carbon-  ij  ignUediftt 
ate  of  potafh:  thit  mixtare  was  treated  as  before,  with  the  «*"f  ^«*rtwi«f 
exception  that  the  mafs,  after  the  flame  had  entirely  difap* 
pearedf  was  ftrongly  ignited  for  three  quarters  of  an  hour. 
The  obtained  mafs,  after  refrigeration,  weighed  nine  drachms. 
Digefted  cold  with  four  ounces  of  water,  and  filtered  and 
evaporated,  it  afforded  a  dark  coloured  fluid.     On  dropping  The  iloid  of  lb* 
into  a  confiderable  quantity  of  muriatic  acid,  no  blue,  but  a  '"^°"  ^"nli** 
white  precipitate  fell  down,  which  was  infoluble  in  muriatic  ibmeirony  '      * 
acid  :  Acetic  acid  occafioned  no  change  in  this  dark-coloured  5l*?[*^  ''^ 
flaid;  and  on  mingling  it  with  fulphuric  acid,  and  evapo- 
rating the  mixture  to  drynefi,  and  re-difToIving  the  mafs  in 
water,  it  yielded  a  froall  quantity  of  pruflian  blue ;  a  proof 
that  iron  was  prefent  in  this  fluid. 

The  quantity  of  iron  being  very  fmall,  but  the  colour  of 
the  fluid  very  dark  when  compared  with  thofe  of  the  former  ■ 
procefTes,  it  was  natural  to  fuppofe,  that  the  colouring* 
matter  could  not  be  attributed  to  the  minute  quantity  of  iron 
prefenty  but  that  perhaps  a  portion  of  charcoal  was  diflblved 
in  the  fluid  :  to  inveftigate  which  the  following  experiments 
were  inflitu  ted : 

A  like  quantity  and  like  proportions  of  blood  and  carbonate  Rep^tioa  of  tbt 
of  potafh,  as  ftalcd  laft,  were  gradually  heated  to  incandef-"JJ^^"^^, 
cence,  and  the  /ire  gradually  augmented,  until  the  mafs  hcgannaSu 
to  fufe  on  the  (ides  of  the  crucible.     The  mafs,  after  having 
been  diffufed  through  water  and  filtered,    yielded  a  much 
darker-coloured   fluid,   which,  when  mingled  with  muriatic 
acid,  yielded  a  pearl-coloured  precipitate.     After  being  mixt 
with  muriatic  or  fulphuric  acid,  evaporated  and  rediflblved 
in  water,  it  afforded  a  confiderable  quantity  of  oxide  of  iron; 
a  proof  that  the  union  of  the  prudic  acid  with  potafh  is  perma-  The  pruffie  ad4 
nent  at  very  high  temperatures,  but  that  this  combination,  ^^^"^"^  - 
under  fuch  circumflanccs,  exercifes  a  flrong  adion  upon  the  high  temp«  and 
oxide  of  iron  contained  in  the  blood.  ^^  |r«* 

Tliefe  fa6ls  were  proved  by  repeating  this  experiment,  but  Left  oxfdctritta 
taking  care  to  expofe  the  mafs  to  a  fomewhat  lefs  degree  of  up  by  kfi  heat, 
heal.     The  fluid  now  obtained  was  lefs  coloured,  and  yielded 

Jefs  o^ide  of  iron. 

This 


Eiper'menu  This  being  proved,  ihe  aulhar  varied  his  experifnenb,  Tn 

with  pure  idkJi.^  to  be  thoronghiy  convinced  of  ihe  taSs.     He  alfo  endem- 

vourcd  to  afcertain,    whether  alkalies,    freed   from  carbonic 

acid,  were  belter  calculated  for  tiie  produflion  ol'  pruffiated 

alkali;  and,  if  polEble,  (o  lind  oat  the  proper  proportions  of 

u  ingcedienli  Tor  obtaining   this   fall.     With  thai  view,  a  quan- 

^H  tily  or  Tolution  of  polani,  containing  one  ounce  of  alkali  freed 

^H  from  carbonic   acid,  was  mixl  with   three  ounces  of  blood, 

and  evaporated  lo  dryners.     (H  was  of  a  colophony  colour, 

foluble  in  water,  and  emitted,  on  being  healed,  a  very  Arong 

Lawhatpio-     odour  of  ammonia).     On   being   Irantferred  into  a  crucible, 

Jrn"don''of""'  """^  Kradually  healed  till  no  more  flame  appeared,  and  dlflufed 

Kidinilibeii-   through  four  ounces  of  water,  it  yielded  a  limpid  tjutd,  of 

'"'''  a  Rrong  alkaline  tal]e,  and  odour  of  bilier  almonds.     The 

ufual  cxperimenti  pioved,   that  it   contained  comparatively 

little  pruffiated  alkali,  but  a  large  quantity  of  carbonate  of 

Bip.  to  itiei-  Being  thus  convinced  that  this  experiment  proved  fruitlefi, 
•*"'^*P'^'it  WM  deemed  necelTary  to  afcerlain  the  refpeflive  quantity 
in  ind  blood  n-  of  oxide  of  iron  contained  in  the  pruQiated  alkali,  that  might 
quifitc  lo  pro.     1^  produced  from  a  given  quantity  of  blood  and  carbonate  of 

duu  the  niuffi-  '^.  r>  1  J 

■w,  *e.  polalh. 

The  M|>«i-  With  that  view,  four  ounces  of  dried  blood  were  mixt  with 

ncnii  *iih  low  ^  folution  of  carbonate  of  polafb,  containing  one  ounce  of 

4<w!hhodiDd  carbonated  alkali:    the  mixture,   after  being  evaporated   to 

r  silt.  caib.        dryr«fi,  was  heated  till  the  flame  ceafed  lo  apjiear.     It  now 

weighed   l|  oz.     On  bein^  elixiviated  with  eight  ounceii  of 

water,  it  afforded  a  fluid  of  a  very  pale  yellowifh  brown,  or 

wine  colour :   Its  Ufle  was  alkaline,   mixt  with  that  of  bitter 

almon     ,     Two  drachms  ot   water  mixt  with  20  drops  of  a 

ciHKC  (rated  folution  of  muriate  of  iron,  when  decompofed 

ProdnS  vei7      by  t'  s  prufliated  alkali,  afforded  four  grain)  of  pruflian  blue, 

"'*■  fliipt  from  the  adhering  oxide  ol  iron  by  muriatic  acid, 

s  M.  Wood,  Two  ounces  of  dried  blood  and  one  of  carbonate  of  potalh, 

k*'h^t''        "^'^  '"  «  fimilar  manner,  yielded,  by  being  mingled  with 

pTodua  not  in-  A  like  quantity  of  muriate  of  iron,  4|  grains  of  pure  pruflian 

w*-**^  Wuc, 

(The  Jiamhidcr  in  out  mim(.> 
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XVT. 

Olfirvaiiom  an  the  Caufe  which  augments  the  Intenfity  of  the 
Sauitd  m  Speaking  Tnmpeti.    By  J.  H.  Hassknpr  atz  *. 

^lXltHOUGH  the  fpeaking-trumpet  is  an  inftrument  whicb  Aadquitf  ef  tli 
has  been  long  known>  fince  Kircher  is  of  opinion  that  Alex-  ^^J^*  ^""*" 
ander  aCed  it  to  command  his  army»  and  Solard  made  one  in 
Parii,  in  1654^  from  the  defcription  which  Kirclier  had  given 
of  that  of  Alexander,  it  was  not,  however,  until  1671,  when 
Morland  made  known  that  which  he  had  conflrudedj  and  in-  Morland'j* 
vited  men  of  fcience  to  determine  the  figure  mofl  proper  for 
this  inflrament,  that  the  fpeaking-trumpet  was  really  known 
among  us,  and  began  to  be  ufed. 

It  appears  that  Morland  did  not  adopt  the  conical  form  ter- 
ininated  by  a  mouth  piece,  which  he  gave  to  the  fpeaking  trum« 
pets  of  glafs,  iron  and  copper,  he  made  until  after  a  fucceffion 
0f  trials  on  the  bed  form  to  be  given  to  them,  to  make  them 
produoe  articulate  founds. 

It  al(b  appears  that  it  was  without  knowing  it,  and  by  chance, -CtflEiinjii^t* 
that  Caflegrain  gave  the  fpeaking  trumpet,  which  he  made  in 
1672,  the  hyperboloidal  form  fird  noticed  by  Slurm, 

Until  1719,  when  Haffe  pubJiftied  a  differtation  on  the  im-  Were  tt  firft 
provement  of  fpeaking  trumpets,   this  indruoient  was  con-^^"*^^ 
flroQed  without  principles;  for  we  neither  can  nor  ought  toprincipks. 
confider  as  principle,  the  harmonic  proportion  mentioned  by 
Caflegrain  as  being  neceflary  between  the  length  and  the  width 
of  the  tubes  of  fpeaking  trumpets. 

The  law  of  the  refledlion  of  found  in  echoes,  led  Hafle  to  HaiTe^t  theory 
apply  the  theory  of  catoptrics  to  ff>eaking  trumpets,  and  in- ^5***  *J^"" 
dttced  him  to  confider  the  combination  of  the  ellipfoidal  and  mtenfity  of 
paraboUridal  forms  as  the  mod  advantageous  for  this  inflrument :  ^^'^  "*  **™* 
but  this  union  not  producing  the  effed  which  the  profcflbr  of 
Wirtemberg  had  hoped  for,  it  was  abandoned,  and  in  conform- 
ity with  his  opinion,  the  augmentation  in  the  intenfity  of  the 
found  continued  to  be  confidored  as  the  product  of  the  reflect 
tion  of  the  fonorous  rays  in  the  fpeaking  trumpet,  and  of  the 
vibration  of  the  fubdance  of  which  it  was  compofed.     It  was 
for  this  reafon  that,  in  the  fabrication  of  thufe  inftruments,  the 

^Pfom  Aonales  de  Qhimie,  Praireal,  An.  XII. 
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Rltenlion  was  diredeil  to  having  a  hard.  eJaftJc  and  thin  fub- 

flance,  ihat  it  might  vibrate  in  unifon  with  all  the  tones,  and 

refli-a  ihe  fatiorous  ra|i  which  llruck  it  in  all  direftion'. 

t»iti!ieie»  In   1763,  Lamb«rt  withdrew  ffoiii  the  iheory  of  fpeaking 

^JJiJ^^.^^.^^ttumpett,  the  vibratinn  of  the  maleriaU  "f  which  they  are  com- 

the  Hiiculiiion  pofed;  he  (liowed  that  the  vibration  of  the  fides  which  iscaJ. 

of  the  foundi.     culated   lo  augnieni   the  inlenfity  of  a  long  continued  found, 

would  render  articulate  founds  confofed,  which  muft  fucceed 

each  othet  rapidly  ;  that  in  this  cafe  therefore  it  would  be  ne. 

celTary  lo  fpeak  extremely  fldw,  and  thai,  even  by  fpeaktng 

Rowly,  it  would  be   impolEble  lo  diningjiQi   the  confunanti, 

which  are  only  mumentary  modificaiJoni  of  the  vowelt;  that 

the  latter,  pronounced  in  the  Irumpei,  would  be  fo  fonoroui, 

that  ihe  confonants  mufi   be  guefTed   at,  which  would   be  ex- 

Speabinf  tnim-lremely  diflicult.     By    fprinkling  the  c\t<>rior  furface  of  a  Itn 

r"i1iVt!rm'u  'r"^'''"K-'''umpet  with  fiw-dull,    I   faiistied  myfelf  that  ihc 

equiDjftrong      furface  vibrated  in  fome  circumftances,  but  I   was  equally  fa- 

when  ih( *ibi^  tisfied,  on  cowering  the  oullitlcof  the  trumpet  wilh  a  foft  loofe 

'™"''"*         Huff-  lo  Hop  and  obarutl  its  vibrations,  that  the  intenfitj  of 

the  found  was  ii<i  leA  Urong,  in  this   fecond  cafi-,  and,  that 

thus  the  vibration  of  the  fubSance  of  the  Irumpei  was  at  leaft, 

afelefi,  if  il  wai  not  injuriou)  to  the  diflin61nefs  of  articulated 

In  hia  memoir,  publifljod  among  thofe  of  Ihe  Academy  of 
^^^  Berlin,  tor  the  year  1763,  Lambert  liai  attributed  all  the  aug- 

^^^^  nentatinn   of  the   Intenfily  which   the  found   evperiencei   by 

^^H  fpeaktiig  iuto  a  Irumpei,  to  the  reflefllon  of  the  futiorou)  rays 

^^^  on  ihe  tmooih  and  poiiihed  fiirfaceof  ihe  interior  of  this  indru- 

I  nieiil;  he  fays  thai,  of  all   ihe   form*,   that  beO  calculated  to 

concentrate  the   found   by  reficfling  id  and   the  moft  eafy  to 
rrnpoitioni  of  I  conflrucl,   is   the  corric   form:    he  afttrwards   (hows  that  the 
conieil  fptjitirg  j;^^^^  j,  firenglliened  in  conical  fpeakiiig  Irumpets,  in  ihe  pro- 
portion of  double  the  length  of  ihe  cone  which  forms  ihe  trum- 
pet lo  double  the  fiae  of  half  the  angle  at  the  fummit  of  the 
Leone,  fuppoling  ihe  length  of  the  cons  to  be  equal  lo  the  ra- 
dios.    If  the  angle  of  the  cone  i«  made  =  9,  the  found  is 
(Ircngthened  in  the  proportion  ^   2     :   2  (fin,  i9). 
Seeking,  from   thefe  formula,  to  difcover  what  would  be 
Ibe  befl  proportions  to  give  to  conical  fpeaking  Irumpets,  he 
found  thai  whatever  the  angle  of  the  fummit  of  the  a 
iti  bafe  muH  be  equal  to  the  dillance  between  the  (^mmit  of 


r  inc  cone  wai, 
the  (^mmit  of 
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the  cone  and  Ihe  moulh  of  it,  and  thai  its  length  mufl  be«quftl 
'o  the  [iiameler  of  ihc  mouth,  divided  by  font  titne!  ihe  Tquare 
of  ihc  line  of  half  the  angle  of  the  cone  :  that  Ihui  in  a  tmm- 
pemf  fix  feel  in  length,  the  angle  of  the  cone  mull  be  16"  17, 
and  that  fuch  a  rpeaking-duinpel  would  make  llie  found  96 
limes  more  iiilenfe. 

X^mberi  iherelbre,  as  <*#II  as  ihofe  trho  hate  preceded  htm, 
canGdered  the  augmentation  of  the  inlenGi|  of  ihe  fmind  in 
fpeaking  (rumpels  a:  llie  refull  of  the  adlion  at  Hie  refleAiuii 
of  ihe  fonorous  rays  againli  the  interior  fidc!  of  llje  inflrumenl. 

It   would   appear   that   lioce   Latubeil'i  memoir,   Ipeaking  Thcfe  irft™. 
trumpets  have  been  made  ufc  of,  vfilhout  attending  to  the  ™'n'*n"eiw- 
caufes  which  augment  the  inienfityof  the  found,  and,  in  fa£t,  iiruS^d  witknit 
it  is  feen  thai  in  all  wotlii  in  which  this  inflfument  U  fpoken  of,  »™niling  tn  the 
ill  elfefls  are  atlribuied  either  (o  refleflion  alone,  or  to  teflec-  'no'lfe  of  * 
lion  combined  with  the  vibralion  of  the  fubdance  of  which  it  (<""«>• 
ti  formed. 

If  we  compare  the  theory  of  fpeaking  trumpets  with  that  of  Theory  of  fpeik- 
theinft.umenls  which  have  fo.ne  refemblance  to  li.  fuch  ai^^S^X""* 
trumpets  and  bunting  liorni,  we  mull  beaftonilhed  to  find  thai  menti. 
Ihey  are  referred  to  different  principles.  In  the  fpeaking  trum- 
pet, Ihe  caufe  'u  aiiribuied  to  the  reflexion  of  Ihe  fuund;  in 
Ihc  other  indruments  to  the  vibralion  of  Ihe  ait  contained  in  the 
lube.  Why  thefe  two  caufei,  wiitle  the  effeCls  are  analogous^ 
This  analogy  has  led  me  to  inquire  if,  in  reality,  the  refieflion  Dan  nfli 
produced  the  augmenlalion  of  the  inlenGty  of  atliculation  in  j^™|^'* 
hornsand  acoultic  lubes,  as  wellasin  fpeaking-trumpels,  ai  Is  lound  f 
generally  believed. 

On  examining  the  ears  of  animals,  it  is  feen  that  the  great-  Anhnaii  do  not 
eft  number  have  an  exterior  auricle,   which  moft  of  them  di-  ^**^.^  5*  "" 
reft  towards  liie  place  from  which  the  found  proceeds;  ihjnioiiad, 
auricle  being,  in  many  animals,  covered  inwardly  with  hair, 
which  (lops  and  hinders  the  retleftion  of  the  found,  it  is  rea- 
fonable  to  conclude  that  it  is  nol  by  TelleSioa  that  the  found  is 
tianfmitted  inlo  Ihe  ear. 

When  afterwards  we  obferre  the  form  given  loacouHic  boms,  Eir.tniiDpeit 
Which  is  that  of  a  cone,  Ihe  fummil  of  which,  lllghtly  ""n- ^t'^u"J"^" 
cated,  is  placed  in  the  ear,  we  are  quickly  led  to  concludo  Ihal  rcReaion. 
the  found  is  not  tranfmitted  by  reflecliun ;  for  the  angle  of  ihe 
incident  ray  being  increafed  at  each   refieflion  by  thai  of  the 
er  a  number  of  determinate  retlcAloni,  Uic  angle 
woifld 
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he  rays  wooV^ 


would  become  larger  liian  a  right  angle)  and  the  ray  n 
lurn  ugion  ilfelf.  Tiiu';  the  grcaieO  nuoiber  of  llie 
tlTue  out  of  Ihe  mnuih,  atler  beingfeveral  times  refteCled,  a 
llie  quantity  of  tlie  raya  which  ihu4  reach  the  ear,  and  which 
are  propoitionalby  Ink  numerous  as  the  cone  is  longer,  cannut 
fenfiWy  augment  the  inleniity  cf  the  found,  Neverlhelef':, 
BCouflic  horns  do  tlrengthen  the  found  confiderably;  ibis  aug< 
mentation  muH  therelore  depend  on  another  caufe. 

It  has  been  propoled  to  make  horns  of  a  paraboloidal  form,  aa 

P""^""'*  f""^  being  befi  calculated  to  tranfmil  found  by  refledion ;  bill  whe- 

*  tbei  they  did  not  produce  the  effea  which  was  cxpefled  (iom 

them,  or  ihat  ihey  ivere  too  diRicuIl  to  conrtrofl,  ihefe  horns 

have  been  abandoned,  and  none  but  conic  horns  are  made 

ufe  of. 

Cjlindii<il  1*'"^  acouftic  Idbes  employed  to  Iranfmit  the  found  to  great 

Kuuilic  lubei     diflancea,  fo  that  it  cannot  be  beard  by  perfont  placed  between 

Iwliboni  rr-        '''^  '""  extreme  point':,  are  ufuallj  lormed  of  cylinderv,  which 
«taiaB»>       ferve  to  conduct  the  found.     Lambert  had  already  flated  that 
pat  d>  "i".     jL-fleaioti  did  not  increafe  the  inlcnfity  of  found  in  cylinders, 
becaufe  whatever  might  be  tlie  direction  of  the  incident  rays, 

I  being  confiantly  relieved  between  two  parallels,  the  angle 

which  they  form  wiih  the  axis  of  the  cylinder  miiH  be  the  fame 
at  entering  and  quilling  it;  ihal  thus  the  found  muli  eiipcri- 
cHce  a  diminution  at  its  ifTue,  which  will  be  To  much  Ihe  greater 
a<  the  number  of  reflections  is  more  con  fide  rable.  Never- 
Ihelefs  ihe  found  is  traiifmitted  to  a  great  diRance  by  means  of 
(hefe  lubes,  and  I  have  afcertained  that  the  beating  of  my 
wakh,  which  ceafes  to  be  audible  at  the  diflance  of  I".  10, 
the  medium  of  feven  experiments  (A),  is  heard  at  the  dif- 
lance  of  2»  25,  the  mean  diflance  of  fevon  experioienls  (jI) 
_  when  I  place  it  in  the  mouth  of  a  pafleboard  tube,  0".  038  Jn 

diamcler  and  0°*.  6'  in  length ;  whence  it  lollows  that  this  trBitf* 
niflion  mull  proceed  from  another  caufe. 
Accotding  tn  All  Ihefe  conG derations  have  therefore  induced  me  to  ex- 

ihethtoryof  amine  the  elTefls  ot  ihe  fpeaking  trumpet  wiili  Ihe  greaieft 
cnliigcil  pitt  care.  It  follows  from  the  theory  of  the  refleflion  of  found, 
(pitillbn)  1j  of  applied  by  Lambert  lo  the  fpeaking  trumpel,  that  the  opening 
"''  "  *'  by  which  ii  is  ufually  terminated,   (hould  be  at  leali  ufelefs,  if 

I  not  injurious,  for  it  has  no  influence  on  the  concentration  of 

I  '  the  relkfled  rays;  and  therefore  this  gentleman  propofed  lo 

^^H  lay  it  alide  entirely.     The  analogy  of  loiin  between  llie  Iruo 


in  propofed  lo 
veen  llie  Iruot   |t 
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pet  and  Ihe  fpeaking  (rumpel  not  being  a  fufRcient  reafon  for 
reUuning  it,  ii  is  probable  ihat  it  would  have  been  laid  aCde, 
in  ihe  faine  manner  as  the  contour  of  the  trumpet  was  aban- 
doned, when  the  form  and  dimenfjons  nioll  fuilable  to  this  in- 
Urument  were  fought  for  by  experimenlal  itiala.  There  would 
□Ifo  have  been  another  inducement  todifpenfe  with  it,  becftufc 
ilafle  had  already  oniitled  it  in  the  fpeaking  trumpet  which 
he  indicated  as  preferable  to  Ihofe  of  Morland  and  CalTegrain. 
I  afcertained  by  CKperinient  that  two  fpeaking  trumpets  of  the  Wbkh 
fame  length  and  the  fame  diameter  produced  different  effefls  ^^^ 
when  they  were  terminaled  by  an  enlarged  aperture  or  not, 
and  that  in  general  this  enlargement  confiderably  iiicreafed  the 
inlenfity  of  the  found.  The  beating  of  my  watch  which  I 
heard  at  4^'".  2,  the  mean  diOance  of  feven  experiments  (u) 
by  placing  it  at  the  mouth  of  a  fpeaking  trumpet  of  0~.  6  long 
and  0".  38,  mean  diameter  of  the  lube,  was  not  heard  beyond 
2-.  25,  mean  dillanceof  feven  experiments  (a)  when  I  placed 
it  in  a  tube  of  the  fame  length  and  the  fame  diameter.  Thu* 
the  caufe  which  occalions  thi;  aperture  to  (Irengthen  the  foonei 
ii  difitrenl  from  the  ictlcclkjn  of  the  fonorous  rays. 

Since  the  refieftion  of  found  does  not  in  any  manner  concen-  TWt  !• 
trale  ihe  fonoroui  rays  in  a  cylindrical  lube,  it  muft  follow,  as  l^^^  *"  * 
Lambert  has  concluded  in  his  Theory  of  Kefleflion,  that  fpeak-  lugmcntcd  in 
ing  trumpets  with  cylindrical  lubes  fliould  notfenfibly  augment 'P'*'""*  '""^* 
the  found.  To  prove  whcllier  experiment  agreed  with  thiidnai  tubci,'  m 
theoryi  I  immediately  cooDrufied  a  fpeaking  trumpet,  with  a  ftmngiy  ai  in_ 
cylindrical  lube  of  0-.  36,  the  length  of  the  cylinder,  0".  •i^,'^}^  "^ 
Ihe  length  oi  the  enlarged  part,  0".  035,  the  diameter  of  the 
cylinder,  and  0".  190,  the  greateft  diameter  of  the  enlarged 
part,  and)  by  comparing  the  inlenfily  of  the  found  which  it 
produced,  with  that  of  a  conical  fpeaking  trumpet  of  the  fame 
height,  and  of  a  fimilar  mean  diameter,  I  afcertained  tliatlhe 
Rrenglh  of  the  found  was  lenfibly  the  fame.  In  both,  ihe  beat- 
ing of  my  watch,  which  I  did  not  hear  in  the  open  air  beyond 
1*.  08,  mean  dillatice  of  live  experiments  (bj  was  heard  at 
S".  94,  mean  diftaiice  of  five  experiraenU  (b)  when  I  placed 
it  at  tlie  mouLl)  of  either  fpeaking  trumpet.  Since  the  cylin- 
drical fpeaking  trumpet  llrunglheni  the  found  in  the  fame  man- 
ner M  that  which  is  conical,  and  fincc,  on  the  contrary,  the 
theory  of  reflection  ftiows  that  it  Hiould  not  be  lircngthened, 
it  followt  that  ibc  augmentation  ot  found  in  thefe  inllrunienlii 
arifet  fiou  a  caufe  dilferant  from  Kfleftion. 

One 


The  inKnliET  oT  One  dei-Jliveexpeiiment  remained  to  bemade  wilh  llieliein* 
WfilTbj'dc-'"  'i™™*^""'.  'his  wa<  lu  deftfoy  and  lo  reflore  ihe  aclion  of  ihe 
Crajing  ihe  ic-  n.-fleclion  in  k  fpeaking  trumpet,  fuppuling  it  to  take  place, 
lefleflionby  ,„(j  lo  compare  the  inleiilily  of  the  found  oblaincd  in  ihefc 
intErnil  wooUca  t'^o  circ-umAai>ces,  in  order  to  determine  the  propollion  of  ibe 
•oveiiug.  elTefl  ptoduct-d  by  llii*  rclIeClion.     I  confi-quenlly  procnted  a 

I  rpeaking  Iruinpet  of  ivooUen  llulT,  whicli  1  placed  within  one 

of  tin,  and  I  obferved  tliat  ihe  intenfily  of  the  found  obtained 
withorwjihoulthe  fluir  in  thainfide,  was  fenfibly  the  fame; 
whence  it  lollows  that  the  rcflefliun  has  no  appreciable  inRu- 
ence  on  (he  augmentation  of  found  in  »  fpeakilig  trumpet, 
Eiccpcinif-  1  have  laid  that  the  inlenlily  of  the  found  was/enGbly  the 

"■nOititht       fame;  neverlhulefa  I  mufl  obferve  thai  it  was  diminilliBdi  for 
iamciciaf  the  the  bealing  of  my  watch,  placed  in  the  mouih  of  the  bare 
indiomeni,         fpeaking  tiumpet  was  heard  at  a  diflance  of  3".  9*,  mean  of 
I  five  expenmenti  (bj,  while  when  placed  in  the  mouth  of  the 

I  fame  inftrument  covered  in  the  infide  tviih  the  fluff,  it  was  not 

I  heard  beyond  2".  48.     This  difference)  which  at  the  moment 

'  might  be  fuppofed  to  aril'e  frnin  the  refle6tion  of  the  found  tak- 

ing place  in  the  one  cafe,  and  not  in  the  other,  feems  to  do< 
pend  folely  on  the  diminution  of  the  diameter  of  ihe  cylinder 
of  the  fpi^aking  Iruinpet  and  of  the  enlarged  parts  occalioned 
by  the  fiuir  placed  within  them:  I  fatisfied  rayfelf  that  ihe 
fpeaking- trumpet  which  1  tnade  ule  of  Cl>),  preterving  all  iti 
diincnlioni  and  experiencing  nu  difference  except  In  the  diam- 
eicr  of  the  tube,  produced  a  diminution  in  the  intenfity  of 
the  foundi  whenever  a  fmallet  diameter  was  made  ufc  of; 

klhus,  in  the  fpuflking  ttumput  already  mentioned  (h),  the  beal- 
iog  of  my  watch  was  heard  at  a  ditiance  of  3".  94,  when  (he 
diameter  of  the  tube  was  0".  035 ;  it  was  not  heard  beyond 
3".  08,  when  the  tube  was  only  O".  032  ;  filially,  t(  was  not 
heard  beyond  2",  3  V,  when  the  tube  was  0'^.  02(t.  It  is  evi- 
dent, therefore  from  Ihefe  experimenti,  that  the  diminution  in 
the  intenfity  of  the  found  by  covering  the  Interior  of  a  fpeak- 
ing trumpet  with  fiuS,  arifes  from  the  diminution  of  Ihe  dip- 
ameler  of  its  lube,  ■ 

The  dlminutioa      I  lliould  obferve  that  if  the  internal  IluiF  occafions  an  incoow^ 
I.VrtVfo«f,1   fiderable  diminution  in  the  intenfity  of  the  found,  it,  on  tb« 
eo-nptnf«eil  by  other  hand,  produces  a  great  advantage  by  rendering  the  adi- 
iti  cleimefs,        culaled  (oundi  clearer  and  lefs  confulcd. 

Cinerilcon-  ^^  follows  from  all  which  has  been  (hewn  on  the  auricles  of^ 

cIuGddi,  animals,  on  horns,  and  ocoufiic  tubes,  and  on  fpeaking  traits 


^U«  tfiat  tbe  avgnienUtion  of  found,  in  every  circamfiaDoe,  Ocaenl 
is  not  owing  to  the  refledtion  of  fonoroas  rays,  confeqaently  ^ 
there  exi(!s  no.rcafon  for  feparallng  the  caufe  which  augments 
the  found  in  thefe  inftruments,  from  that  which  (Irengtbent  it 
in  trumpets  and  hunting  horns ;  that  the  diflTerent  founds  pro^ 
duced  in  the  two  cafes  are  owing  to  the  vibration  of  the  air  in 
the  tubes,  and  their  Arengths  or  their  intenfities,  to  the  aug« 
mentation  of  the  amplitude  of  their  vibration,  arifing  fr<Mn  the 
greater  impulfe  which  the  air  neceffarily  receives  when  it  in 
endofed  in  a  tube* 

ExperimaU  (A)» 

The  tubes  and  the  fpeaking  trumpet  of  pafteboard. 

The  interior  diameter  of  the  tube  of  the  fpeaking  trumpet  vi 
(P»  038,  that  of  the  exterior  diameter  of  the  enlarged  part  == 
0".  2 10.  The  length  of  the  tube  =  0*.  4,  and  the  length  of 
the  enlarged  part  =  0".  2. 


f  • 

With  a  tube  of  the 
length  of 

The 
fpeaking 
Crumpet* 

Withont 

tube  or 

fpeaking 

trumpet. 

Ob&rrations. 

s  8  S 
a 

Mean 

m. 
0.4 

m. 
0.6 

m. 
0.10 

The  great  difier- 
ence   between 

1.33 
2.24 
2.16 
1.33 
1.92 
1.58 
2.54 

\.66 
2.90 
2.66 
1.79 
1.95 
2.16 
2.66 

2.33 

3.33 
3.33 
1.85 
2.00 
2.66 
3.17 

4.00 
4.66 
5.00 
3.00 
5.00 
3.66 
4.00 

1.00 
1.16 
1.33 
0.83 
1.33 
1.00 
1.00 

thefe  experi- 
ments ariiiet, 
ift,  from  the 
difpo6tion  of 
the  organ  ;— 
2d,  from  the 
greater  or  left 
noife  produced 
in  the  neigh- 
bourhood  of 
the  place  where 
the   experi- 
ment! were 
made. 

12.86 

15.78 

18.67 

29.33 

7.65 

1.83 

2.25 

2.67 

4.20 

1.10 

ExperimaU  (B). 

The  fpeaking  trumpet  was  of  tin,  as  well  as  the  tubes. 

The  interior  diameter  of  the  tube  of  the  fpeaking  trumpet 
:»0".  035,  that  of  the  exterior  diameter  of  the  enlarged  purt 
5s0".  290,  the  length  of  the  tube  =  0*.  36,  and  that  of  " 
enlarged  part  =  0.25. 


^  Vol,  IX.— Dbcbmbse,  1804. 
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ase 


1 

Within 

nterul  dUmcter  of 

W!th™t 

o'.035 

O.032 

0.023 

i;^ 

4.B6 

3.53 
3.25 
4.39 
3. AS 

3.53 

2.93 
2.76 
3.5S 
1.56 

«.76 
2.28 
2.2  S 
2.4* 
1.95 

1.48 
0.67 
1.30 

O.H'2 
0,S2 

ill. 

Sum 
Mean 

19.78 

15. +3 

11.71 

5.3y 

3.94. 

3.03       1     'i.3i 

l.UU 

Account  of  Cerium,  a  imu  Metal  found  in  a  mineral  Subfia 
Jrtim  Buims,  in  Sixedea.  By  W,  D'HEsincEa  i 
J.  B.  Beboclius*. 

Di/criptioit  qfihe  Tungficin  of  Bahat. 

•  A.LTHOUGH  lb»  fub fiance  Km  been  forroerly  alTayed  t 
Scliccle  and  D'E^lhuyar,  uniler  the  name  of  wolfram,  its  con> 
tiderablo  weight,  ncverthelefs,  delermlned  ut  to  fubrait  it  to 
fariliei  enquiries.  Our  principal  objcfl  wai  to  finii  yilria  in 
it]  which,  being  unknown  at  the  time  in  wltich  thefe  chemifls 
opcfslcd,  might  have  efcaped  their  at  ten  lion.  Our  fuppofl- 
tion  was  not  well  founded,  Snce,  !n(lead  of  an  earth,  vn 
difcovcred  a  fubAance  which,  according  to  every  apjiearance, 
is  hitherto  unknown,  as  will  be  feen  in  the  feqael. 

The  tungftein  ol  Bafiiia*,  which  we  call  ceriie,  fur  rcafoni 
which  will  be  prefently  given,  was  found,  in  the  year  17  SO, 
in  a  copper-mine  called  Baftnas,  or  Sainl-Gor«ns  Koppar- 
grufva,  at  Kiddare-Hyllan,  in  Weflmannia,  of  which,  with 
afbeftos,  it  formed  the  matrix:  but  after  thi»  lime  it  was  im- 
bedded in  quartz  and  mica,  to  the  deplli  of  fevenlecn  toifei. 

•  From  the  Svrtdifh,  by  G.  A.  Unbgrnj  but  here  tranaated  fi«» 
tkt  AonidM  d«  Cbimie,  L.  U5, 

Tb* 
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The  tut^ein  is  almofl  always  mechanically  mixed  withDefcription 
Uack  amphibole  (hornblende),   ilriated  adlinote,  of  a  clear^^^^'^* 
green  colour  (Jkori),  mica,  fulphuraled  copper,  bifnautby  and 
folpburated  molybdena,  which  may  be  eadly  known  by  ex- 
poiing  it  to  the  fire. 

The  cerite,  properly  fo  called,  is  tranfparent,  of  a  fle(h  Phyfical  pn 
colour,  fometimes  deep  and  fometimes  bright,  feldom  yellow-^**^**"* 
iflk  In  a  mafs,  or  in  fmali  fpecimens,  the  Hone  is  of  an  ir- 
regular form ;  its  fradlure  is  indeterminate,  compad,  and  a 
little  brilliant,  with  obtufe  edges ;  its  confidence  is  tenacious 
|uid  ftrong;  it  gives  fire  with  Heel  with  difficulty,  but  doei 
not  fcratch  glafs ;  it  is  not  attracted  by  the  magnet ;  after 
having  been  made  red-hot  in  the  fire,  it  lofes  its  hardneOs, 
and  fix  or  feven  per  cent,  of  its  weight :  by  this  operation  it 
becomes  firiable,  and  acquires  a  bright  yellow  colour :  it  does 
jiot  melt  alone. 

On  account  of  its  weight,  Cronfledt  has  placed  it  among  Is  the  falie 
the  tungfieins,  in  his  Mineralogy.     In  pure  fragments,  it  ifft*»**ofSci 
.  to  that  of  water  as  4.733  and  4.935  to  1.000.    Scheele  not 
having  found  wolfram  in  it,  called  it  falfe  tungfiein, 
'    The  confiituent  principles  of  this  mineral  were  given  by  Conftttueai 
Bergman,  in  the  Memoirs  of  the  Academy  for  the  year  1784,  P""*^Vl^ 
page  121,  from  an  analyfis  of  D'Elhuyar:  they  are  as  fol- 
lows : — 

Silex,         ...        0.22 

Iron,  ...        0.24 

Lime,        •        .        .        0.54 


1.00 


Heated  with  borax  by  the  blow-pipe,  it  forms  a  globule  of  Habittide  i 
glafs,  which,  while  hot,  appears  greenifh,   but  is  colourleft  ^*"* 
when  cold.    Urged  with  carbonate  of  foda  in  a  platina  fpoon 
it  is  not  diiTolved. 

^  II. 

Anai^is  qf  the  Proportions  of  Cerium* 

TO  fq>arale,  the  yltria  which  was  fuppofcd  to  be  in  it,  it  TfcrtBieat 
was  reduced  to  a  fine  powder  in  a  .porphyry  mortar;  pwe-J^^^aTj 
conoentfated  nitric  acid  was  then  poured  upon  it.    The  acid 
was  deeompoftdy  and  a  confiderable  quantity  of  nitroas  gas 

f"  .  U2  and 
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n«  nnMrilr^r 


and  carbonic  acid  gas  were  difengaged.  The  flony  poWder 
was  repealedly  treated  with  thia  acid,  until  Uie  inroluble  nfl- 

»due  appc-ared  while. 
The  folutton  diluted  with  water  wat  of  a  yellow  coloar, 
which  became  greenifh  hy  boiling,  and  afterwards  red :  com- 
pleldy  dried,  it  became  of  a  yellnwifl)  while,  but  refined 
its  red  colour  by  allrafling  humidity,  II  i!  enlirely  diffolved 
in  alcohol  j  and  ihe  folulion,  filgJitly  digefled,  depolits  a  con- 

•  fidernble  quanliiy  of  oxide  of  iron.     It  likewife  depofits  more 

•side  ol'  iron  by  remaining  for  forae  days  unilillurbcd  in  a 
window.  The  decanted  folulion,  being  almofi  clear,  was 
evaporated  to  ficcity,  and  the  calcined  fall  was  in  the  form  of 
a  powder,  of  the  colour  of  bricks.  Water  could  only  difToIvs 
the  calcareous  earth.  DiOJlled  vinegar  could  only  lake  up  a 
Tery  fmall  portion,  and  was  not  faturatcd,  though  aflifted  by 
Ihe  heat  of  ebullilion.  The  evaporated  acetic  folution  gave 
fmall  granulated  cryllal!:,  of  a  faccharine  aflringeni  tafle. 
They  were  not  totally  foluble  in  alcohol.  The  part  of  th« 
acetous  fall  which  was  not  dilTolved  in  alcohol,  gave,  by  caU 
cinalion,  a  brick -coloured  powder,  refembling  that  which  had 
not  been  dilTulved. 

»  Ammonia    pri;tjpita(ed  ihe  alcoholic  folution  in  a  whhe 

powder,  which  became  yellowilh  in  the  air.     It  was  a  little 
fuluble  by  carbonate  of  ammonia,  and  acquired  the  colour  of 
bricti  by  calcination.     The  fedimenl  being  fcparated,  the 
carbonate  of  ammonia  produced  a  white  precipitate,  which 
was  pure  carbonate  of  lime.     The  acetous  fait  did  not  there* 
Indieitioniofi   fore  contain  ytlria.     The   powder  from  which  the  calcareova 
m«t»lliefub-      patih  had  been  feparaled,  dilfolved  in  muriatic  acid,  with  > 
.■.  _  difengagement  of  ox.igenated  muriatic  acid  gas,  which  indi- 

cated dial  there  was  a  metallic  oxide,  _ 

Was  it  oxide  of  manganefe  combined  with  oxide  of  iron  ? 
To  afccrlain  this,  we  endeavoured  to  develope  the  pure 
oxide  of  manganefe  by  means  of  tartrite  of  potalli,  according 
to  Richtcf'.i  method.     We  decompofed  in  this  manner,  a  fo> 
lution  of  this  fubllance  in  muriatic  acid,  pcrfefily  neutralized 
by  tartrite  of  potafli  [  and  afler  having  wallied  the  precipitate 
Weill  we  fubmilted  it  to  a  llow  calcination ;  but  it  only  pro- 
duced the  brick -coloured  powder.  ' 
Dmi  not  contiin     Cauflic  alkali  had  no  action  on  Ihe  infolubic  part  of  Ihe 
Kinniuu.          Titrate ;  which  proves  that  it  did  not  contain  alumine. 
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■■■To  obtain  the  pure  metallic  mailer  in  a  Tuffideot  quanfit; 
frimalce  feveral  aflays,  another  poriionof  cerile  was  diflblved 
)  nitric  acid,  and  the  folatiun  evaporated  Id  ficcily.  Waler 
t  poured  on  the  refidue,  and  it  was  precipitated  witli  am- 
The  wafhed  precipitate  was  dltTolved  in  nitric  acid. 
The  folution,  well  neultalized  with  the  alkali,  was  afierwardt 
precipilaled  by  tartrile  of  polatli.  A  white  powder  was  alio 
precipitated  from  the  fame  foiulion  by  carbonate  o(  potafli, 
but  it  was  in  rmall  quantity.  Thefe  precipitates  were  fepa- 
rately  calcined,  and  both  of  them  acquired  the  colour  of  brickb 
The  precipitate  formed  by  the  carbo[iatc  of  potaHi,  was  not 
dilToIved  by  potafh  aided  by  digeflion ;  it  therefore  did  not 
contain  alumine.  The  iron  contained  in  ihe  folution,  precir 
pilated  with  tarttitc  ofpritafh,  was  feparaled  by  liidro4'ulpbu- 
lel  of  ammonia.  The  remainder  of  the  foiulion  of  ceritc  in 
iiilricacid,  which  had  been  precipilaled  by  cauflic  ammonia, 
gave  carbonate  of  lime  by  carbonate  of  ammonia.  ^ 

From  thefe  a/Tays  it  refiills,  that  cerile  conlajns  neatly  23  Component  J 
parts  of  filex,  5 .5  of  carbonate  of  lime,  2'2  of  oxide  of  ironj  P*"*  °^ ''"  ** 
and  a  quantity  of  this  metallic  mailer,  ihe  weight  of  which,  o^jgrfcerfgoi 
after  calcination,  rather  exceeded  50  per  ctat.     But  this  fub- 
ilance  being  then,  ai  well  at  Ihe  iron,  united  with  more  OKr- 
gcn  than  they  contained  in  the  cerite,  we  have,  inftead  of  a 
lofs,  an   augmentation  of  weight,   whiih  probably  arife*  from 
the  Dxigen.     Neither  it  llie  lofs  wiiicli  the  cerile  experienced 
in  the  calcination,  included  in  Ibis  account.     We  alfo  found 
(races  of  manganefe,  but  in  fo  fmall  a  quantity,  that  polafli, 
melted  with  the  cerite  and  dilfolvcd  in  water,  did  no!  give 
any  colour. 

Not  having  Ihe  praaice  which  complete  proporlionale  ana- 
lyfes  require,  we  offer  thcfe  refulu  with  diffi^Ience,  and  in  the 
hope  thai  fcientific  men  of  more  experience  will  employ  ihem- 
lelvn  on  this  fubjef). 

•   ■  5  III. 

l-i       Examination  of  ihe  MttaSic  Oxide  found  in  the  Cerite, 

A  PASTE  was  made  of  37  grains  ol  this  oxide  and  linfeed  Eop^oMl 
oil,  which  wai  reduced  in  charcoal  in  a  covered  crucible. 'l'*  "^ 
Although  it  retained  fome  carbon,  it  loft  half  a  grain  of  its 
weight.    This  mafs  was  inclofcd  iu  a  lined  crucible  with- 
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oul  any  flux,  and  M.  Hjelin  expofed  it  for  hmlf  an  hour  to 
the  degree  of  fire  neceflary  for  the  redoflion  of  tnanganefc. 
The  oxide  vws  not  meliL^d.  but  reduced  into  a  very  fine  pow- 
der: it  exhibited  brilliant  panidci  in  ihc  day-lighl,  and 
ftained  while  paper  black.  It  diJTblved  in  muriatic  acid,  dif- 
ergaging,  at  the  firft,  fulphnratcd  hidrogen  gas,  and  afler- 
wards  pure  hidrogen  gas.  This  colourlcf*  fnlulion  had  a  fac- 
charine  lafie.  Thus  it  appeared  lb  us  that  ifie  metal  was  re» 
duced  in  part.  The  origin  of  the  fiilpUur  may  be  traced  Id 
the  ftilphufic  acid,  from  which  the  matter  had  been  feparated 
by  the  canftic  ammonia.  The  influence  which  this  acid  ex- 
ercifes  in  thcfe  alTays,  will  be  leen  by  the  fubfcquent  en- 

M.   Gabn,  at   Fahlun,  bai-irg  more  convenient  fuftiacec, 

lias  promtfed  la  undertake  the  rcduflion  of  lhi«  fubfiance  wiA 

more  power :  if  this  operation  fucceed,  wc  fliall  give  an  ac* 

count  of  it  hereafter. 

rtiiilioilde        Thefe  appearanct^s,    and  thofe  which  fotlow,  defermiiied 

bf  I  nwol  not    „j  to  confider  the  fubflance  found  in  the  cerile.  as  the  OKJdo 

™  ■    of  a  mcta!  hitherto  unknown,  to  which  we  have  given  the 

liame  of  Cerium,  from  the  planet  Ceres,  difcwered  by  Fiaza* 

iUemxr  ff  oitairung  the  pure  Oxide  iff  Cerium. 

pfoctffe!  for  oV-     f'^)  P"""*  urcalcined  ccrilewas  dilTolved  innilro-murialjc, 

bining  the  pureand,  afler  faturating  (he  clear  folution  with  the  alkali,  wat 

precipilaied    by   lattrite  of    polalli.      The  precipitate  well 

wafhed,  calcined,  and  digefled  in  vinegar,  contains  the  puta 

oxide  of  cerium. 

Of  olhefwife  decompofe  a  folmion  of  cerium  in  nitro-mu- 
liatjc  acidi  Aill  warnit  but  not  fatuialed,  by  fuccinale  of  am- 
monia:  aioccinate  of  iron  is  gradually  depofiled.  The  pre- 
cipitation is  to  be  continued  by  meanii  of  fuccinale  of  ammonia, 
as  long  as  a  red  precipilalc  is  formed  :  Ihe  folution  is  then 
neatly  deprived  of  iron.  After  having  feparalud  the  fuccinate 
of  iron,  more  fuccinate  of  ammonia  is  pouted  into  it,  until  a 
white  precipilate  appears.  The  folalbn  i«  tltea  Icftst  reli, 
in  order  thai  the  fmall  portion  of  fuccinate  of  cerium  may  ba 
depoGled.  The  iron  tiilToIved  by  ihe  iiee  muriatic  aciJ,  it 
dcpofiled  at  (he  fame  lime,  and  the  folution  is  freed  from  tLii 
metal.  The  cerium  may  afterwards  be  precipitated  by  am- 
ncnia,  and  then  waOied  and  calcined. 

2  0/ 
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OS  the  Propcrtiei  qf  Otide  oj  Ceiium. 
fB.)  This  iMide  nay  appear  in  dificrenl  degres' 
4ion.  The  alkaliei  prccipilalc  a  wliile  oxide  fium  il 
wfaich  {bnws  of  a  ydlowifli  coiner  in  the  air,  bul,  when  pM- miJition. 
hft\y  dried,  becomt^s  dark.  ExpoTed  (o  a  bri(k  and  lang- 
oanlinucd  fir«,  it  (akeiadeep  bfick-coluur.  The  oxalate  ind 
■OBlate  of  cerium,  calcined  in  veiTeU  nol  compielclj'  clofed, 
^teld  a  while  oxide,  which,  in  an  open  lire,  bccomci  of  Ihe 
mAoac  of  bricks.     It  Aoet  not  melt  fay  itfelf. 

.  Treated  with  borax  by  the  Wow-pipe,  it  melts  readily  and  rudoart 
f*elli.  The  globufe  heated  by  the  exterior  flame,  aUumes  "**** 
Ak  colour  of  blood  ;  which,  by  c«oling,  pallet  to  a  vellowilh 
green,  and  at  length  becomes  colourlefs,  and  perfcflly  tranf- 
farenf.  Melted  fay  the  interior  flame,  thefe  changes  do  not 
4ske  place  ;  it  is  then  reduced  inloa  colouilef^  glaf*;  biil,  ex- 
pefcd  for  a  Ihort  time  in  the  exterior  flame,  the  fame  pbeno- 
mena  are  produced.  If  loo  much  oxide  of  cerium  it  raado 
life  of,  ilie  glafs  refembles  an  opake  yellowiJh  enamel,  Thcfa 
changes  are  more  eafily  maniiefled  with  the  pjiofphale  of  fuda 
and  ammonia.  If  two  clear  and  colauriefs  globules  are  radted 
together,  one  of  which  wai  prepared  with  borax  and  ihft 
Other  with  the  phofphate,  they  form  a  tr8nfpar<^t  glafs,  whicb, 
«D  cooling,  becomes  opake  and  peail  coloured. 
j:  Thefe  charaderi,  taken  together,  fu^iently  dtllinguifh  the 
^■iRide  of  cerium  from  ilte  oxide  of  iron.  The  latter  alfo  ofTets 
BKhe  fame  changes  of  colour,  but  ill  glafg,  on  cooling,  has  a 
^^Jhep  green  colour,  tt/iif/i  fades.  The  globules  made  with 
borax  and  the  phofphate  melted  together,  yield  au  opake 
fktt,  the  colour  of  which  ii  a  little  deeper. 

Oxide  qf  Cerium  treated  vjilh  Sulphuric  Acid. 
fC.J  When  oxide  of  cerium  is  digelled  with  fulphuric  acid,  Sntphite  oT 
tefe  two  fubfiancei  unite,  and  the  rcfult  is  a  red  infoluble '"""  •'"  ~ 

which  is  fulphate  of  cerium  at  a  niaiiniiim  qf'  oxidation.  ,i^ 

f  Ihe  acid  IK  concentrated,  it  fcarcely  diffoUei  any  of  it.     II 

«  diluted  with  half  itc  quantity  of  water,  or  a  little  more. 

It  ii  a  yellowifh  oily  liquor,  which  does  not  adhere  to 

t  glats,  nor  does  it  wet  it.     If  (he  acid  i.i  mixed  with  Gx  or 

imej  its  quantity,  oi  even  more,  of  water,  and  em- 

loyed  in  a  fufficieol  quantity,  ihe  oxide  ii  dilTolved  of  an 

oiBCige 


9 

fi9S  J^CCOVKT  OP.CSEtatf. 

orange  colour.     By  a  flij^ht  evaporation  of  ihis  folution,  it 

yields  fmaU,    prifmatic^   coherent  cr)flals,  of  the  colour  of 

AcMulMt  fal*    gold.     Thifi  (alt  i<  an  acidulous  fulphate  of  cerium  at  a  max- 

•r^     **"""' imtfMi.     Thefe  cryflals,  thoroughly  dried  between  blotting^ 

paper,  and  expofen  to  the  air.  are  gradually  reduced  to  s 

yellow,  almoft  cryflalline  powder.      RedifTolved    in   water, 

they  experienced  a  decom portion  ;  a  white  powiler  is  depo- 

Nentnl  acid,      fited,  and  the  i'olulion  becomes  coiourlefs.     This  white  pow* 

der  is  a  iulphate  of  cerium,  but  little  oxigenated.     If  the  fo? 

Addatottsfttl-    lution  is  evaporaxed  to  dr^nels.  it  gives  an  acidulous  fulphate 

^y^jj^^jj^*^^^.  of  cerium  itiil  lefn  oxigenaied.     Tbele  cryftals  are  feldoro  cu« 

tau>t«d.  b«cul,  but  almoft  always  prifmatic,  firiatcd  and  collected  in 

bundles.    Their  taftc  is  four,  but  they  afterwards  become  fac- 

charine  and  aAringent. 

Munadcacia  Treated  with  muriatic  acid,  the  yellow  acidulous  fulphate 

dntoiu^ulphate"  of  ccTium  yields  part  of  its  oxigen  to  the  acid^  which  is  volati- 

pf  pa:tof  Its     .Jized  in  oxigenated  muriatic  acid  gas.     The  fait  remains  co» 

As^oetanin-    lourlefs.     An  augmentation  of  temperature  alone  is  fufficient 

ci«4e  of  tern*   'for  the  yellow  acidulous  fulphate  of  cerium  to  lofe  its  colour  by 

i^^t  drW«  '®^*"«  ^®  ®^^^*  ^  ^^*  oxigen.  If  the  heat  is  increafed  fiill 
ofFthe  acid,  and  more,  the  furplus  of  the  acid  is  carried  offy  and  a  faturated 
formi  a  neucral  .fulphate  of  cerium  remains.  By  a  continued  calcination,  it 
Calcination  re-  jegains  oxigen,  becomes  red,  and  yields  a  fulphate  of  cerium 
ftores  the  CXI-  at  a  maxinmm.  The  fulphate  of  cerium,  diloxigcnated  by  tiie 
muriatic  acid,  is  more  difficult  to  re-oxiilate  b)  calcination. 

Aftion  of  the         In  the  humid  way,  the  alkalies  only  deconipofe  the  fulphate 
alkalies  on  the        r  •  •  "i   »   i  a  •    •.    .  'j 

fulphates  of  cc-  ^*    cenuin    incompletely.     Ammonia    precipitates  an  oxide 

rium.  from  the  acidulous  fulphate  of  cerium,  which  is  only  in  a  fmajl 

■  quantity,  but  neverthclefs  contains  part  of  the  fulphuric  acid. 
The  fulphate  of  cerium  is  not  perfe6tly  deconipofed,  except 
by  calcinatjpn  with  three  times  its  weight  of  carbonate  of  foda 
or  potafli.     The  calcined  oxide  is  of  a  brown  colour.     By  di- 
geftion,  ammonia  can  deprive  it  of  part  of  its  acid  :  the  oxide 
takes  a  didindl  flefli  colour,  wliich  becomes  brighter  by  dry- 
ing.    Digeiled  with  concentrated  muriatic  acid,  or  with  ni- 
tric acid,  a  fmall  quantity  diffolvcs,  having  its  }el>ow  colouj. 
Siilphate  of  ce-       If  a  folution  of  acidulous  iulphate  of  cerium  is  precipitated 
fiuman  po      .  ^^  potafh,  a  triple  combination  of  cerium,  fulphuric  acid,  and 
\  potaQ),  is  feparatedy  before  the  acid  is  faturated.     If  loo  much 

potafli  is  added,  the  combination  is  partly  dcAroyed.     The 
(ulphate  of  cerium  and  pptafbi  at  a  majfimum,  is  of  an  orange 

colour : 
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colour ;  that  which  is  at  a  ndnimum,  it  white.  A  fimibr  com- 
bination is  alfo  obtained  by  pouring  muriate  of  cerium  into  m 
folutioD  of  fuiphate  of  potafli.  Sulphate  of  ammonia  does  not 
form  any  precipitate  in  it ;  but,  on  adding  a  calcareoos  fait 
to  it,  falphate  of  cerium  combined  with  pota(h  it  rapidljr 
depofited. 

Thefe  charadlcrs  offer  a  ready  method  of  fcpasating  the  (ill-  Sulphi«ic  aeU 
phatc  of  cerium  from  iron.     It  muft  however  be  obferved, f«iph^ gftfri- 
that  when  the  folutions  are  faturated,  a  little  iron  is  alfo  de- tun  from  ifoa* 
poiited,  which  gives  a  yellow  colour  to  the  precipitate;  but   -     'w .  .'  •  \f 
by  adding  a  little  fulphuric  acid  in  excefs,  the  iron  is  rediC*  -  »*i 

Iblvedi  and  leaves  the  precipitate  entirely  white.  Thit  com- 
bination is  only  diifolvcd  in  part  by  dilute  fulphuric  acid^  and 
the  greated  quantity  of  that  feparates  afterwards* 

Tht*  fulphaie  of  cerium  and  potaih  melts  by  a  firong  heat.  Silplmt,  aal 
Ftfated  with  charcoal,  it  gives  fuiphuret  of  potaih  and  fnt 
phut  el  of  cerium.     Melted  with  carbonate  of  potaih,  in  clofed  cvbooiti  of  ch 
vefl'els,  it  yields  carbonate  of  cerium  and  fulphateof  potafli.  "^^^ 
This  fait  contains  only  one-third  of  oxide  of  cerium. 
.    It  is  dilTolved  in  concentrated  nitric  acid,  and*  during  the  Coaceatnlti 
coulingp  an  acid  fait,  furmcd  of  acidulous  fulphatc  of  fotalb"^'^^^''.^ 
Hod  a  little  fulphate  of  cerium,  cryftallizes.   Thus  the  fulphatephateofcolnm 
of  cerium  combined  with  potaih,  is  decompofed  by  concen- •^  P**^ 
trated  nitric  acid.     This  acid  carries  off  the  metal,  and  the 
/uiphuric  acid  is  directed  wholly  upon  the  potafl^  with  whidi 
it  forms  a  fait  with  excefs  of  acid. 

Qxide  of  Cerium  xvith  Nitric  Acid, 

(D.)  Nitric  acid  dilTulves  the  calcined  oxide  with  difficulty,  ^>tf*ti 
but  that  which  is  precipitated  by  pure  or  carbonated  alkalies, 
with  eafe.  When  the  fulution  is  laturated  with  oxigen,  it  is 
of  a  greenifli  yellow  colour ;  but  colourlefs  when  lefs  oxided. 
Evaporated  to  the  confiftence  of  honey,  it  depufiu  lameilated 
cryflah,  which  at(ra£t  the  humidity  of  the  air.  The  folution 
lias  a  faccharine  tafte  :  like  all  the  other  faturated  folutions  of 
cerium,  it  lets  fall  an  oxide  of  cerium,  at  a  maximum  of  oxi- 
dation, in  the  open  air.  This  precipitate  is  frequently  formed 
of  oxide  of  iron.  When  dry,  this  fait  is  of  a  ycllowilh  white 
colour;  but  becomes  colourlefs  on  being  diflfolved  in  a  fuffi-' 
aient  quantity  of  water.     )t  dilTolves  readily  in  alcohol. 

4  A  con- 


|J9^  AOCWICr   Of   CIBIDMr 

AcoDceiKr&lcd  roluluin  of  (hii  fall  lake*  1  bloo^  roI(nn;|i 
on   accauiil  of  a   fnull   rftixntitf   of  iron,   wliith,  liy  dtjmg, 

Ipede*  la  jFcllan-ifti  irhite.  bui  i'  rHluteri  by  a  new  lolution. 
^  A  celourieh  acxi  kfi  OKided  nlL)a(t:  of  cetium,  U  obtained 

I  hj  diRiilving  Ibe  ycllotviih  Uil  in  akobol  i  ihe  foluCioti  ibfUfnM 

and  yields  a  yihitc  fait. 
to  It  it  dc^M^  by  lire,  which  drives  off  its  acid. 

Will.  Muriatic  Acid. 

Manitcaf  "-        f^-J  The  calcined  oxide  of  cerium  is  floivly  diiToIved  hi 
nvB.  murialic  add  in  ihe  cold,  aiid  mnre  readily  by  heal ;  an  effer- 

vefcence  h  produced,  owin^  loadilcngageinent  ol  oxlgenateil 
muriatic  acid  gii.  The  t^fic  of  the  folution  is  faccliarine  an^ 
aOringenl;  ibe  colour  is  a  very  faint  greenid)  yellow:  th*' 
dried  faline  maf;  is  yellowia>  white,  and  atirafti  humidity. 
We  only  fucceedcd  once  in  obtaining  it  cryllaltized.  The 
cryflali  were  while,  brilliant,  in  four  fided  prif.nt,  widi  the 
poiniB  cut  off.  The  lalt  dlRblves  readily  in  alcohol,  and  iS 
canccniraled  folution  burns  with  a  yellow  and  fparkling  Omd*. 
Tile  refidue  of  the  fall  is  white  and  gives  a  cofourlefi  fo- 
lution. It  ii  muriale  of  cerium  at  a  miniiRum  of  oxidalioa.  '■ 
r  Healed  iii  clofud  vellut;,  Itii-  water  of  cry  Hall  ixat  ion  is  fitft 

diCtpsled,  aflerwardt  the  acid  palfes  in  (lie  lorm  nf  oxi)c*iialcd 
rnariatic  acid  ^as.     If  ih«  up':raiion  is  lluppitd  before  ih«  Bci4 
■I  eittircly  valaiiliEed,  an  undecompored  muriate  of  cerinin,  it 
'  «  mimmmu  of  oxidation  remains. 

If  the  muriate  of  cerium  containi  iron,  it  all  fubliroet  io  s 
brown  deliquefccnl  maf'.  Nothing  remains  in  (he  roatrafa  but 
a  nhile  oxide  of  ceiiuin,  which  attrads  the  humidity  of  the 
air,  and  becomes  yellow.  Thus,  fublimaiion  with  nariate  oT 
ammonia  may  beeiaplo)cd  to  purily  a  muriate  of  ceiiuisnrfatdt 
litlle  iron. 


With  Pho/pfioric  Acid. 

;.      (F.)  Free  phfffphoric  acid,  faluraled  with  an  alkali,  precf- 

pilaiet  muriate  of  CMiiim.     The  precipitate  is  white,  and 

loluble  in  muriatic  acid  aiul  in  nitric  acid  employed  in  fufficieitt 

<]uaii1ily. 

This  fait  is  alfo  obtained  by  digeOing  pure  oxid«  of  cerinin, 
moidened  with  pbofplioric  arid.  It  is  not  foluble  in  an  esnA 
of  (his  acid. 


J 
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G.)  The  carbonate  of  aninionia  precipitates  tnunale  ofCuVmitiafi 
williout  effervercence.     ATietthe  precipiiation,  cat-""'"" 
icid  15  flowl^  difengaged  in  ihe  form  of  bubbles.     The 
tetains  ila  acid,  even  afler  deuccaljon. 
cart>onale  of  cerium  has  a  while  colour  (ending  a  liltle 
bluitb  or  greenifh.     It  diOfolves  iji  the  adds  wiili  effer- 
vefccnce,    It  does  not  lufe  iU  acid  in  an  open  /ire.     In  clofed 
veUeli,  without  the  contad  of  oxigen,  it  fupporls  a  gcDtli: 
calcinationt  without  being  decompofed. 

JTUh  Arfinic  Acid. 

fH.)  Free  arfenic  acid  does  not  produce  any  change  onArTcni 
:iate  of  cerijio).  The  oxide  digeOed  wiih  ihii  acid,  forma"'^"'" 
infoluble  fait.  An  excefs  of  ihii  acid  dilToIves  il,  and  gitrea 
iduloua  arfeniatc  of  cerium.  The  faturated  arfeniaie  of 
cerium  is  depofited  in  the  Ibrm  »(  a  powder  during  Clie  cvapo* 
ration.  The  refidue  does  not  crynalliee,  but  by  deficcation, 
beoomea  a  gclatiiKMis,  clear,  and  colourlela  mafx. 

H'illi  MolMk  dad. 

fl.)  The  acidulous  falls  of  cerium  are  not  decompored  by  Mo1^M«Hi 
iDolybdale  of  ammoniac.     Tiicmolybdate  of  cerium  it  precipi- 
Uled  from  Hi  fatiirated  foiution'i,   in  the  form  of  a  wliile  ^t, 
which  is  not  fulublc  in  the  acida. 


I 


i 


With  Oxulic  Acid. 
^iduloua  or  faturated  foluliona  of  cerJum  OuUte  of  fKi 


(K.)  Either  Die 
we  precipitated  hy  oxalic  acid.  According  to  the  degree 
of  oxidation  of  the  metal,  Ihe  precipitate  becomes  red  or 
while.  This  corabinalion  ii  ajfo  obtained  by  digelling  the 
oxide  with  free  oxalic  acid.  An  cxccft  of  acid  doet  not  difl 
folveit,  but  ammonia  readily  effefls  its  folution,  giving  its 
jeljow  colour. 

A  fmall  quantify  of  oxide  is  depofiled  by  evaporation. 
The  folution  afterwards  yields  regular  cryftali  in  the  form  of 
Dccdics,     Pure  alkaltei  do  nut  occafion  any  precipitate. 


■•.■»' 
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llvtdiQ.flf  ^  CltJ  Free  Urtareoot  arid  hat  no  adiott  on  mnriate  of 
ceriom.  The  recently  precipitated  oxido  onitei  with  flik 
add  by  dJgefiion,  aiul  yieldt  a  tartrite  of  ceriiun,  mtkh 
diflbif  ei  readily  in  water.  This  lalt  it  alfi>  precipitated  ttam. 
fttanUed  tbiationt  by  tartrite  of  potaflL  like  tbe  on* 
late  oF  oeriom,  it  diflblfes  in  pure  ammoniat  bnl  doei  mC 
pryfialli«e. 

Tartrite  of  ceriam  is  not  entirely  foloble  in  «viler|  the  (bh^ 
fion  is  p'recipitaled  by  carbonate  of  foda. 

With  Bimzoic  Acid. 

(M.)  This  acid  does  notaA  on  the  muriate  of  cerioni;  bat^ 
hj  dlsefiion,  wdl  conoentraied  benaoic  add  diflbhret  the  oaido 
oErceiriiim  recently  predpitated.  On  cooling,  tho  folutioo  frft 
depofils  crjflah  of  the  acid  in  eicoefib  and  aAervrards  besu 
iMiaof.ceriaaiinlhefiHviof  awhitepowder»  which  adhiwi 
to  the  cryfials  of  benMic  acid. 

tJiTho  rslinoB.s  aatly  with  wliioh  this  add  is  fipeqneotly  onitodt 
oDosbinet  with  the  benaoalo  of  Geaum,  and  ftrou  aq  inWnMf 
brown  powder. 

WUkCkrkAcU. 

iSUii^  'i4^  '  (i^^)  Muriate  of  oerinA  is  not  predpitated  by  citric  adfd. , 

daloiit  citflfee^Bttt  the  oxide  digefled  with  citric  add  ibrmtf  an  infoluble  fatn«' 

**"*""*  Mted  combination,  which  an  excefs  of  acid  diflblves.    The' 

acidulous  citrate  of  cerium  is  of  a  yellow  colour  and  doet  not 

cryftalltze.     Alcohol  deprives  it  of  its  water,  and  of  part  of 

its  acid,  but  does  not  diflblve  it. 

"'**  WUh  Acetic  Acid. 

Au<.t^fffff'        (^'^  ^^®  calcined  oxide  of  cerium  is  only  very  imperfedly 
riiiau  diflblved  in  acetic  acid,  even  with  the  affifiance  of  heat ;  but 

that  which  is  recently  precipitated  by  the  alkalies,  is  dllTolved 
with  facility.  The  faturated  acetate  of  cerium  is  foluble  in 
water ;  it  has  a  fweet  tade,  and  gives  granulated  cryfiab,  by 
evaporation,  which  do  not  change  in  the  air*  and  are  but 
(lightly  foluble  in  alcohol. 
Thi^  bit  fwells  in  the  fire,  and  is  deftroyed* 

(To  he  continued.) 
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£xtra&  if  a  Letter  from  Mr.  Bods»  Jftrammer  Royalat  Berlith    . 
io  Mr.  A.  F.  Tboildbw.    Dated  the  23d  ff  Oaober,  1 804. 

J>  HEREWITH  tnmfaiit  to  joa  fome  of  my  own  obferva*  Newflnct 
tions  of  the  new  difcovered  third  planet«  (which  is  to  be  called  ^^^^^ 
JuHOj  made  at  our  Obfervatory. 

Mcia  Time*  Apparent  R  A.  Decline 
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12 
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I  affo  inform  yoU|  that  an  anonymous  admirer  of  agronomy  AfUnmrnM 
of  Berlin^  has  depoiited  with  me  the  fum  of  20  Frederics  d'or,'^**** 
for  any  important  difcovery,  treatife,  or  fatisfadtory  folntion  of 
any  diflScult  problem,  of,  or  relating  to,  aftronomy,  to  be  fent 
to  me  between  this  and  the  end  of  Augufl,  1805.  (The  con* 
currents  are  requeued  to  write  their  dtflertalions  either  in 
Fcencbf  or  in  German,  affixing  a  motto  to  each,  with  a  fealod 
vote  containing  their  name  and  addrefs).  After  the  expiration 
of  the  above-mentioned  period  I  am  to  confuU  with  my  aftro* 
aomical  friends  refpeding  the  merits  of  the  papers  fent,  and  to 
adjudge  the  premium  accordingly,  on  condition,  however^ 
that  I  may  be  at  liberty  to  make  o(e  of  fuch  papers,  addrefled 
to  mOj  as  I  think  proper  to  infert  into  my  aftronomical  journals. 

Signed,  J.  E.  BODE. 

N.  B.  Any  agronomical  gentleman  who  intends  to  become 
a  competitor,  may  fend  his  paper  to  me,  and  I  will  forward  it 
to  Mr.  Bode  without  any  eiLpence. 

A,  F.  THOELDEN. 
No.  10,  St.  Alban*s  Street,  Pan-MaU, 
Nav.Sd,  1804. 
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Eiperioitat  on  the  Heat  which  it  deselaped  during  tlie  Compr^im 
qf  tkc  Air*. 

A  VERY  curiont  eiqicriinont  bu  be«n  lately  repeated  be- 
ibre  the  National  Inllltule.  If  ihe  air  be  very  r^dj^  com- 
prenbd  in  the  ball  of  an  air  gun,  a  confidcrable  quantity  of 
best  is  difengaged  from  the  firfi  fttoke  of  the  pifton,  which  i» 
fo  great  thai  it  is  capable  of  rdling  lire  lo  a  piece  of  fungtK 
match  (amadou)  placed  within  the  pump.  If  the  body  «f 
the  pump  be  terminated  by  a  moveable  end  formed  of  a  piece 
of  fiecl  firmly  fcreived  in,  and  furniflied  in  ili  centre  with  a 
f[laf5lens  which  admits  of  iho  iniide  being  fecn,  at  the  firft 
itroke  of  llie  pifion,  a  ray  of  vivid  biitiianl  light  will  be  per* 
Ceived,  which  is  fuddenly  difengaged. 

Thii  obfervalion  li  owing  lo  accident ;  it  was  made  for  (b»  3 
firO  time  by  a  workman  in  the  manufa£iure  of  arms  of  Saint  J 
Etieniie,  who,  on  difchargiiig  an  air  gun  in  u 
ftrongly  comprelTed,  perceived  a  very  fenlihle  light  at  the  « 
of  the  barrel. 


£r;rfli2o/flI*-Her/r'-w  Professor  Pboi-st  to  j.  C.  DsLt-J 


I  AMONG  the  itiemoirs  which  I  have  had  for  a  long  M 

lo  fend  lo  you,  yoii  will  find  one  on  Berthollel's  work,  an* 
what  be  fays  of  the  hydrates,  and  alfo  the  analylia  of  a  Hone 
fallen  from  the  almofpherc,  at  Sigmut,  in  Arragon,  which  vras 
found  lo  be  perfeflly  fimilar  to  all  thofe  which  have  been  fai- 
tberlo  analyzed. 
■nnJf  tVom  the      '  ^'^  "■>(  know  whetlier  I  Ihould  mention  to  you  a  fori  of 
Mrattiite.        difcovcry,  which,  however  trifling  il  may  appear  to  be,  will, 
^^^  neverthelcfs  be  one  day  of  great  importance  in  Spain,  parti- 

^^L  cularly  in  ilie  provinces  where  the  carobe  tree  (caToubter)  is 

^^B  cultivated.     It  is  known  tliat  the  fruit  (if  this  tree  is  only  cul- 

^^H  tivated  along  all  the  coatl  of  the  Mediterranean,  (o  feed  cattle. 

^^1  However,  af^erafuilable  fermentalion  ilyieldtdmc  aquar- 

^^B'  tlUo  [about  the  bulk  of  a  pound  of  water)  of  excellent  brandjr, 

^■^  •  Bulletin  des  Sdencci,  III.  p.  209.    Thelatter  obfcmtion  of 

the  fl.ifti  from  an  air-gun  hns  been  fcveral  timts  obferved  before :  See 
our  Vol.  IV.  p.  280,     It  Angularly  contrafts  the  former  faft.     N. 
-f-  From  Journal  de  Pby£que,  &c.  McHidor,  An.  XII> 
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Dutch  propf^  from  five  pounds  of  the  dried  fruit.  This  brandy^ 
although  it  retains  a  flight  odour  of  the  fruit,  is  by  no  naeant 
diCiigreeabie  to  the  tafle,  and  I  have  made  liqueurs  with  it  is  no 
fdped  inferior  tQ  thofe  of  commerce.  I  (hall  not  delay  the 
|nibIication  of  tbe  details  of  this  difcovery,  from  which  I  claim 
no  credit  except  on  account  of  the  influence  which  it  may  have 
#D  a  pari  of  tbe  commerce  of  the  eailern  provinces  of  Spain. 


Afeikad  qf  obiaimng pure  Cobalt,     By  Tr omsdorfv*^, 

LET  four  parts  of  finely  pulverized  zaffre  be  intimately  Pure  coMi 
blended  with  one  of  very  dry  nitrate  of  potafh  and  half  a  part 
of  charcoal  powder;  introduce  this  mixture  by  fmal!  quantities 
at  a  time  into  an  ignited  crucible,  and  repeat  this  procefs  for 
Area  facceffive  times,  by  again  adding  to  the  detonated  reii^ 
duary  mafs  new  quantities  of  nitrate  of  potafli  and  charcoal. 
This  being  donei  mix  the  mafs  with  one  part  of  black  flux, 
'  «nd  expofe  the  mixture  to  a  red  heat  for  one  hour.  When 
cooled,  feparate  the  metallic  cobalt,  pulverife  it,  blond  it  to« 
gether  with  three  limes  its  own  weight  of  nitrate  of  potalh, 
and  detonate  this  mixture  as  diredted  before.  The  iron  whic!\ 
was  prefent  will  thus  became  highly  oxidized,  and  the  arfenic 
acidified,  and  combined  with  the  potafh.  To  feparate  the 
latter,  pulverife  the  mafs,  treat  it  repeatedly  in  water,  and  fe- 
parate the  infoluble  part  by  the  fiitrc.  TIic  arfeniatc  of  potafh 
being  thus  got  rid  of,  digefl  the  reiidue  in  nitric  acid ;  the 
cobalt  will  now  be  difTolved,  and  the  highly  oxidized  iron  re- 
IDain  untouched.  Evaporate  the  folution  to  drynefs,redifrulv9 
it  in  nitric  acid,  re-filtre  the  folution,  in  cafe  feme  oxide  of 
iron  (hould  have  efcaped  unfeparated,  decompofe  the  folution. 
of  nitrate  of  cobalt  by  potafli,  wafb  the  precipitate,  and  re- 
dnce  it  by  heat. 


Method  of  coating  Copper  with  Platina.     By  StraiTss. 

Mr.  Straufs,  who  has  made  a  number  of  good  experiments  Cottinf  copii 
on  platina,  has  fucceeded  in  applying  this  metal  to  defend  the  ^  pl*i»v* 
lace  of  copper.    The  folution  of  platina  was  precipitated  by 

•  Oehlen'f  Journal  of  Chcmiftry,  Vol.  IV.  p.  6,  1 17. 
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nariate  of  ammonia,  (hen  wafhed  and  dried,  and  ezpoled  to 
a  graduated  red  heat  for  half  an  hour  in  a  covered  croeiblew 
The  prodafi  wai  a  g'-ey  coagulated  powder;  confining  of  me* 
tallic  platina  in  a  (late  of  extreme  divifion.  One  part  of  tbtf 
powder  with  three  parts  of  mercury  did  not  combine  by  balf 
an  hour's  trituration  ;  but  upon  adding  two  parts  more  of  mer- 
cury and  fligbtly  heating  the  mortar,  he  foon  obtained  a  tena* 
cious  amalgam,  which  was  rendered  very  Mt  bj  the  addltioa 
of  two  oilier  parts  of  the  lad  mentioned  metaK 

A  fmall  quantity  of  this  amalgam  was  rdUMd  fipon  a  plate 
of  copper,  which  became  perfectly  covered.  The  plate  was 
then  ignited,  and  was  found  to  have  retained  a  coating  of  pla« 
tina.  In  the  next  place  he  mixed  a  little  of  the  amalgam  with 
chalk,  fprinkled  the  mixture  with  water,  coated  (he  plate  of 
copper  a  fecond  time,  and  again  ignited  it.  The  coatinjg  was 
now  found  to  be  very  perfef^,  and  aflfumed  a  (hining  filvei  co- 
lour  under  the  bumiflier. 

This  chemift  remarks  that  his  application  of  pUitina  to  cop- 
per velTels  mu(l  be  fuperior  to  that  of  tin;  not  only  in  its  re* 
finance  to  acids  and  faline  matters,  but  in  its  durability  fron^ 
the  greater  hardnefs  of  platina;  and  he  adds  that  the  procefs 
here  defcribed,  is  not  more  difllicuU  to  be  efTedted  than  the 
.  common  operation  of  tinning. 

TramfdorJ's  Journal,  1803,  Vol.  IL  p.  18. 
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ERRATUM. 

In  PUtt  XII.  Fig.  3,  by  an  omiflion  in  the  defign,  the  tower  ruler  hai  not  the 
eonnedhon  with  the  frame  as  the  upper.     It  muft  be  joined  by  prolonging  tfao  rod  from 
the  left  hand  angle,  and  adding  a  rod  from  thence  to  the  bar  upon  the  roler  |  tl  Sa  '  ' 
above* 
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PREFACE. 


T 


HE  Authors  of  Original  Papers  in  the  present  Volume, 
are  Sir  H.  C  Englefield,  Bart.  M.  P.  F.  R.  S. ;  Mr.  R 
Steinhauer;  Mr.  John  Gough;  Ra. Tbicknesse,  Esq.;  Mr. 
Wm.  Wilson ;  C.  Wilkinson,  Esq. ;  J.  Whitley  Boswell, 
Esq.;  Mr.  W.  Brande;  Aletes;  Mr.  John  Dalton;  Capt. 
J-  Mortlock ;  W.  F.  S. ;  Mr.  Charles  Sylvester ;  Mr.  E^ekiej 
Walker;  T.  B.  C. ;  Jos.  Huddart,  Esq.  F,  R.S.;  £.  O.; 
W.  B. ;  Mr.  N.  Mendelflion;  C.  L.;  Mr.  Accum  ;  Right 
Hon.  Sir  Joseph  Banks,  Bart.  P.  R.  S.  &c.  &c. ;  Mr.  R. 
Matthews;  Mr.  J.  Biddle;  An  Old  Correspondent.— Of 
Foreign  Works,  Thenard ;  Hesinger;  Bergelius;  Morozzo; 
Bucholz;  Dartigues;  Schocrbing;  Boullay;  Lagrange;  Liis- 
sac ;  Erman.— And  of  English  Memoirs,  abridged  or  ex- 
tracted; Smithson  Tennant,  Esq.  F.R.S.;  W.  H.  Wollaston, 
M.  D.  F.R.  S,;  C.  Hatchett^Esq.  F.  R.  S.;  Gregory  Watt, 
Esq.;  Right  Hon.  C.  Greville,  V.  P.  R.S.;  George  Pearson, 
M.  D.  F.  R.  S. ;  J.  Hinckley,  Esq. ;  F.  S.  A. ;  T.  A.  Knight, 
Esq. 

Of  the  Engravings  the  Subjects  are,  1 .  An  ancient  Egyp- 
tian Engraving  in  Symbols,  supposed  to  be  astronomical. 
2.  Figures  to  illustrate  the  Galvanic  Charge,  by  C.  Wilkin- 
son, Esq.  3.  Outlines  of  Pendulous  Measures  of  Time,  by 
J.  W.  Boswell,  Esq.  4.  Figure  to  illustrate  Mr.  Gough's 
Theory  of  the  Augmentation  of  Sound,  by  communicated 
Vibrations.  5.  Instrument  for  surveying,  by  Capt.  J.  Mort- 
lock. 6.  Instrument  for  taking  Designs  from  Nature.  7, 
Plan  and  Sections  of  an  improved  Air-Pump,  by  Mr.  Men- 
delsshon.    8.  Figures  to  illustrate  Mr.  Cough's  Theory  of 

the 
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the  Speaking  Trumpet.  9.  Improvement  in  Woulfe's  Ap- 
paratus. 10.  Method  of  drawing  a  Line  b  a  Circle  equal 
to  the  Side  of  its  Square.  1 1 .  Two  quarto  Plates,  exhibit- 
ing highly  magnified  Representations  of  the  Parasitic  Plant 
which  causes  the  Blight  in  Corn,  from  Drawings  by  M 
Bauer,  Botanical  Painter  to  the  King.  12.  Mathematical 
Diagrams  of  the  Properties  of  Triangles,  by  Mr.  Gough. 
13^  Application  of  Spectacle  Glasses,  by  Mr.  £.  Walker. 


SohoSfnare,  Aprils  T805. 


TABLE    OF    CONTENTS 


TO  THIS  TENTH  VOLUME, 


JANUARY,    1805. 

Engnvings  of  the  fullowing  Ohjccls:  1.  Ancient  Egyptian  Engraving;  In  Sym- 
bols, fuppofed  to  b&  ailronomioal  -,  '2>  Figures  by  C.  Wilkinfon  £(q.  to  U- 
luftrati:  the  Galvanic  Charge. 

I.  Concerning  the  original  Inventors  of  certain  philofopjiical  Dilcorenci:  tbt 
Reflection  of  Cold  y  Conipreinon  of  Water  in  a  metallic  VelTel ;  the  Te- 
lelcope ;  and  a  perJ'pe^Uvc  Inilrument  formerly  dcfcribed.  In  a  Letter  from 
Sir  H.  C.  EngleAeld,  Bart.  M.  P.    F.  R.  S.  &c.  &c.  -  Page  1 

II.  Aecount  of  an  ancient  Egryptiao  9culptare  with  Hieroglyphics^  AifpoM 
to  relate  to  Aftronomy.  In  a  Letter  from  Mr*  H.  St^nMuer,  With  an 
Engraving.  -^---••4 

III.  ExtraA  of  a  Memoir  on  the  fuming  Liquor  of  Cadet.  By  Cittien  Tlic- 
nard.  --------^ 

IV.  Account  of  Cerium,  a  new  Metal  found  in  a  mineral  Subftinec  from 
BaftnaSy  in  Sweden.     By  W.  D'Hellngcr  and  J.  B.  Bergeliui.       -  IQ 

V.  New  Experiments  on  Abforption  by  Charcoal,  made  by  Mcana  of  t  iie# 
Machine.     By  C.  L.  Moroaso.     -  -  -  -  •  12 

VL  Farther  Obfervations  on  the  Conftitution  of  mixed  Gafesi  In  a  Letter 
from  Mr.  John  Gough*  .....  SO 

VII.  On  two  Metals,  found  in  the  black  Powder  remaining  after  the  Soliilitm 
of  Platina.     By  Smithfon  Tennant,  Efq.  F.  R.  S.     From  the  Philolcipbi-' 
calTranfaaions  fur  1804.  .....  -  24 

VIII.  Remarks  upon  certain  Ofofervations  of  Mr.  Wilkinibn,  refpeCliilf 
Galfacifm.   By  Ra.  ThicknefTe,  Eiq.  .  .  .  .  30 

IX.  Ab(lra6l  of  a  Memoir  on  the  Poflibility  of  obtaining  Prufliate  of  Potafli  Iree 
from  Iron;  the  UnaJterability  of  the  Pruflic  Acid  at  high  Temperatures| 
and  the  true  Nature  of  the  Combinations  of  this  Acid  with  different  Baiet. 
ByBucholz.  .......  J2 

\.  On  a  new  Metal,  found  in  crude  Platina.  By  William  Hyde  Wollaf- 
ton,  M.  D.  F.  R.  S.     From  the  Philofophical  TranfaAions,  1804.  34 

XI.  Letter  from  Mr.  Wm.  Wilfon,  exhibiting  the  EleAricity  of  Metali. 
without  the  Help  of  any  condenfing  Inftrument.  -  •  42 

XII.  Analytical  Experiments  and  Obfervations  on  Lac.  By  Charles  Hatchett, 
£A|.  Partly  abridged,  but  chiefly  extracted  from  the  Philoibphical  Txanf- 
a6iionsfor  1804,  by  W.  N.  .....  4J 

XIII.  Galvanic   lUuftrations  and  Remarks.    By -C.  Wilkinfon,  E/q.  56 

XIV.  On  the  Devitrification  of  Gl^fs,  and  the  Phenomena  which  happened 
Juring  its  Cryftalilxation.    By  Dartigues.  ...  38 

FREBRUARY. 


i  ;C  b  N  T  E  N  T  S. 

FEBRUARY,    1805. 

Xfignmttgfl  of  the  f3nqwing  ObjcAs  :  1 .  Outlines  of  pendnloiif  MeaAim  of 
Time.  By  J.  Whitlty  BofWcJi,  Efq.  2.  Figure  to  illuftrate  Mr.  GoueVf 
Theory  of  the  Augmcntntion  of  Sound  by  communicated  Vibrstions ;  3.  rlati 
for  Captain  Mortlock's  Method  of  furveying  Harbours  and  Coalts  without  In- 
ihiimentSy  or  by  fuch  as  are  extremely  fimplci  4.  A  new  Pocket  Inftnimcnt 
for  mechanical  Drawing  in  Perfpeciivc. 

I*  Exjperiments  and  Remarks  on  the  Augmentation  of  Sounds.  In  a  Let- 
ter from  Mr.  John  Gough.  -----  ^5 

II.  Obfenrations  on  the  different  Degrees  of  Facility  with  which  Mafles  of  the 
iamc  Material  admit  of  Changes  in  their  Temperature ;  with  Applications 
of  the  Fafts  to  the  Conftruftion  of  Pendulums,  and  Sneculations  upon 
various  new  Forms  of  pendulous  Regulators  of  Time,  in  a  Letter  from 
J.  Whitley  Bofwell,  Efq. 70 

.in.  Analytical  Experiments  and  Obfenrations  on  Benzoin.  By  Mr.  William 
■Brandt.     Communicated  by  the  Author.  -  -  -  83 

IV.  On  the  Devitrification  of  Glafs  and  the  Phenomena  which  happen  during 
itt  Cryftnlltzation.  By  Dartigues.  -  -  -  -  8^ 

T.  Letter  from  a  Correfpondent^  relating  to  the  apparent  Refle£iioB  of  Cold  and 
iht  InrentioD  of  the  Teleftopcy  as  noticed  by  Sir  H.  C  Englefield  in  la'ft 
Month*s  Journal.  ------  92 

VI.  FwEU  tending  to  decide  the  Queftion,  at  what  Point  of  Temperature  Water 
^  poffirfles  the  greateft  Density.    In  a  Letter  from  Mr.  John  Dalton.  93 

YIL  Analytical  Experiments  and  Obfervations  on  Lac.  By  Charles  Hatchett, 
Bfq.  F.-R.  S.    From  the  Philofophical  Traiifaaiom.  for  1804.         -  9^ 

VIII.  A  Hmple  and  accurate  Method  of  Surveying  en  Shore,  with  fuch  Inftrn- 
ments  only  as  are  in  every  one's  Poi'ieflion.  By  Captain  J.  Mortlock. — 
From  the  Author.  ------  103 

IX.  Notice  I  f  nn  OmiiTion  in  Accum's  Chemiflry,  of  the  direfl  ProduAion  of 
Nitric  Acid.     By  W.  F.  S 10;> 

X.  On   Galvanifm.      By  Mr.  Charles  Sylvef^er  -  •  106 

XT.  Reply  to  the  Animadverficns  and  Experiments  of  C.  L«  on  the  Subje6l 
ol  the   Horizontal   Moon.      By  Mr.  Ezekicl  Walker.      -  -        .     lOl) 

XII.  De(cription  of  a  fimple  Inftrument  for  making  curre£^  Drawings  from  Na- 
tan.    By  T.  B.C.         -  -  -  -  -  -         ^111 

Xin.  Observations  on  Bafalt,  and  on  the  TranHtlon  from  the  vitrroaa  to  the 
ftony  Texture,  which  occurs  in  the  gradual  Refrigeration  of  melted  Ba- 
ialt;  with  fome  geological  Remarks.  In  a  Letter  from  Gregory  Watt,  Efq. 
to  the  Right  Hon.  Charles  GrevilJe,  V.  P.  R.  S.  From  the  Philofophical 
Tranfaaionsfor  1804,  p.  279.     -  -  -  -  -  113 

XtV.  Acaount  of  the  Method  of  bleaching  Cotton,  as  pradifed  at  Salsbnrgh  { 
and  the  Art  of  giving  a  permanent  Red  to  Cotton  and  Linen.  By  M.  C. 
Schoerbing,.         •  -  .  .  -  .  -  1l'(* 

XV.  Report  on  an  artificial  Produ^on  of  Camphor,  announced  by  M.  Kind. 
Read  to  the  Society  of  Pharmacy  by  BuuiJay.      -  -  -  13 i 

XVL  Letter  from  Jofeph  Huddart,  Efq.  F.  R.  S.  on  the  apparent  Enlargement 
of  the  Moon  at  low  Altitudes.      .  -  .  .  .  139 

XVII.  A  Memoir  on  Milk  and  the  Laaic  Acid.   By  Cit.  B.  Lagrange.         141 

MARCH. 


CONTENTS,  iU 

MARCH,    1305. 

Eigravingt  of  the  following  Obiefls:  1.  An  improved  Air  Pamp  with  GUfii 
Barrelt  and  Piftont  of  Metal ,  without  leathering.  By  Mr.  Mendieflion  i  2* 
plans  and  SeAions  of  the  fame  Inftrtiment;  3.  Figures  to  illuftrate  a  new 
Theory  of  the  Speaking  Trumpet.  By  Mr  Gough  j  4.  Improved  Appantiit 
of  Woulfc;  5.  Diagimn  of  a  Method  of  drawing  a  Lnie  in  a  Circle^  verf 
nearly  equal  to  the  Side  of  a  Square,  having  the  fame  Area. 

I«  Hiftorical  and  Critical  Ohfcrvations  rtlating  chiefly  to  the  Invention  of  the 
Telefcope.     In  a  Letter  from  £.  O.  -  -  -  •  14> 

Jf«  Conftru£lion  of  a  Line  in  a  Circle,  nearly  equal  to  the  Side  of  a  Square 
of  the  fame  Superficies  as  that  r)f  the  Circle  itfclf.  With  Remarks  on  Pen-*, 
dulums  and  other  Olijerfls.     By  Mr.  J.  Whitley  B^fwell.  -  151 

III.  Some  Remarks  upon  the  Experiments  by  which  Mr.  £z.  Walker  has 
endeavoured  to  explain  the  apparent  Enhrgement  of  the  Moon  near  tbfi 
Horizon;  with  a  Statement  of  fame  Fa^ls  upon  which  that  Fhcnomenon 
icems  chiefly  to  depend.     In  a  Letter  from  C.  H.  -  -  \5B 

IV.  A  Mathematical  Theory  of  the  Speaking  Trumpet.  By  John  Gough» 
Efq. -  -  169 

V.  Obfervations  on  Bafult,  and  on  the  Tranfiiion  from  the  vitreous  to  the 
ftony  Texture,  which  occurs  in  the  gradual  Refrigeration  of  melted  Ba- 
falt;  with  Tome  geological  Remarks'.  In  a  Letter  from  Gregory  Watt,  Efq. 
to  the  Right  Hon.  Charles  Greville,  V.  P.  R.  S.  From  the  Philofophical 
Tranfaftions  for  ISOi.  .  •  -  -  •  16)5 

VI.  Improved  Con ftru^ion  of  Woulfc's  Apparatus.     ByW.  B.       -  18D.. 

VII.  Obfervations  on  the  Change  of  fume  of  the  pr>>ximate  Principles  of 
Vegetables  into  Bitumen;  with  Analyiical  Experiments  on  a  peculiar  Sub- 
ftance  which  is  found  with  the  Bovey  Coal.  By  C.  Hatchett,  Efq.  F.  R.  S. 
From  the  Philofophical  Tranlaftions  for  1804.     -  -  -  181 

VIII.  Account  and  Dcfcription  of  an  improved  Air  Pump.  By  Mr.  N. 
Mendejsflion.        -  -  •  -  --  -  201 

IX.  Letter  concerning  Palladium,  from  Wm.  Hyde  Wollaflon,, Efq.  M#  D. 
F.  R.  S.  the  Difcovcrcr  ot  that  Metallic  Body.    -  -  -  *  S04 

X.  Short  Remaik  on  Mr.  Walker's  lad  Letter  rcfpe^ing  Focal  Jmagea*  By 
C.  L.       -  -  -  -  -  -  -  -  20$ 

XI.  A  Communication   on  the  Ufc  of  Green  Vitriol,  or  Sulphate  of  Iron»  at 
a   Manure;   and   on    the   EfHcacy  of  paring  and  burning  depending,  partlyyt 
on  Oxide  <if  Iron.     By  Gcoigc  Pcarfun,  M.  D.  Honorary  Member  of  the 
Bo^rd  of  Aiiriculture,  F.  R.  S.   From  a  Communication  made  by  him  to  the 
Board,  and  inierted  in  the  fourth  Volume  of  their  Tranfaflions.     -  20S  . 

XII.  Letter  from  Mr.  Accum,  ref'pcfling  an  Error  ilated  to  exift  in  hit  Pra^ 
tical  Chemiftry.  ......  ^14 

XII  [.  Procofles  for  obtaining  n  durable  and  fuperior  Lake  from  Madder.  By 
Sir  H.  C.  Enijiefield,  M.  P.  F.  R.  S.       -  -  -  .  SIS 

XIV.  The  Dutch  Method  of  curing  Herrings,  extra£lcd  and  tranflated 
from  the  German  of  Kriinit^^s  Economical  Encyclopaedia  {Oecononirfche 
Encyclopadie)  Article  Hiiring,  by  J.  Hinckley,  Efq.  F.  S.  A.  2f3 

APRIL. 


vr  QONTENTS. 

* 

APRIL,     1805. 

Xttsnnriitgt  ef  the  following  Objects  i  1.  A  Qntirto  Plate,  exhibitiiig  ongni/iecl 
Repreftfiitstioti*  of  the  delrn]6tive  parafitic  Plant  which  caufei  the  Blight  ii| 
Com,  nnd  its  Sitaation  and  Growth  in  the  Poret  or  Moutht  of  Wheat  Siraw| 
3.  Another  Qjarto  Pl.nte,  fliewing,  by  highly  magnified  Sections  and  Views,  the 
StmAore  of  When  Straw,  and  the  Plant  itfelt  as  it  vejretates  in  the  cellular 
Texture  beneath  the  Bark.  Thefe  two  Plates  are  from  Drawings  of  the  lame 
file,  by  M.Bauer,  Botanical  Painter  to  the  King;  3.  Machematical  Diigrami 
of  fi>me  Properties  of  the  Triangle,  by  Mr.  Gough;  of  the  Circle,  by  a 
CorrefpondeDt  j  and  of  an  Application  of  Spe6lacle  Glaflfes,  by  Mr.  EzeKiel 
Walker.  ^ 

I.  A  (hort  Account  of  the  Caufe  of  the  Difeafe  in  Com,  called  by  Farmerff 
the  Blight,  the  Mildew  ami  the  Kuft.  Reprinted,  and  the  Plntes  copied,  with 
Penniflion,  from  a  Memoir  communicated  by  the  Right  Hon.  Sir  Jofeph 
Banks,  Bart.  P.  R.  S.  5:c.  &c.  &c.     With  Ibmc  additional  Notes.     P.  225 

II.  Theorems  rtCpeSimg  the  Properties  of  the  Sidles  of  Triangles  interfered 
by  Right  Lines  drawn  from  the  three  Angles  fo  as  to  meet  in  one  Point. 
By  Mr.  John  Gough.       -  -  -  -  -  i?34 

III.  A  Communication  on  the  Ufe  of  Green  Vitriol,  or  Sulphate  of  Iron,  as 
a  Manure;  and  on  the  EfBcacy  of  paring  and  burning  depending,  part- 
ly, on  Oxid^  of  Iron.  By  George  Pearfon,  M.  D.  Honorary  Member 
of  the  Board  of  Agriculture,  F.  R.  S.  Fn^m  a  Commtinication  ma()e  by  him 
to  the  Board,  and  infeitqd  in  the  4th  Vol.  of  their  Trnnfadlions.  2.19 

IV.  On  SpeAacles.     In  a  Letter  from  Mr.  Ezckiel  Walker.  -  2^:5 

V«  Remarks  on  certain  PaiTnges  in  Dr.  Thomfon^s  Clicmiftry,  together  with 
ibme  Experiments  on  Sandarach  and  Maftic.  In  a  Letter  from  Mr.  R, 
Matthews.  -  -  -  -'  -  -  -  245 

VI.  The  Dutch  Method  of  curing  Herring?,  extrafted  and  tranflated  from  the 
Ger!iu.n  of  Kriinitz's  Econoinic:il  Encyclopsedia  (Oeconomifcbe  Encyclopadie)^ 
Article  Hiiring,  by  J.  Hinckley,  Efq.  F.  S.  A.     -  -  -  248 

Vlt.  The  Denlity  of  Mercury  in  its  folid  State  afcertained.  By  Mr.  John 
Biddle.         .•-----.  1:53 

VI IL  Obftrvations  on  Mr.  Bof^vtirs  Geometrical  Propofitions.  By  An  Old 
Corrcfpondtnt.  -  -  -  -  -  -  253 

IX.  A  Memoir  on  Milk  »nd  the  Laflic  Acid.  By  Cit.  Bouillon  Lagrange.    2J7 

||l.  An  Analyfis  of  the  Magnetic:il  Pyrites  ;  with  Uemniks  on  fome  of  the  other 
Sulphurets  of  Iron.  By  ^Charles  Haichctt,  El'q.  F.  R.  S.  From  the  Phil. 
Tranf.  for  1804.  -.---.  265 

XI.  Anfwer  to  a  Letter  of  C.  L.  with  other  Remarks,  on  the  Images  formed 
by' convex  Lenl'cs.     in  a  Letter  from  Mr.  Ezckiel  Walker.  -  27G 

Xn.  Account  of  an  AerolUtic  Voyage,  m::de  hy  M.  Gay-Luflac  on  the  29th 
Fru£lidor,  in  the  Year  I'J.  Read  tu  the  National  luihtute  on  the  dth  Ven- 
demiaire,  in  the  Year  1:3.  -  -  -  -  -  278 

XIIL  Experiments  and  Obferv.itions  on  the  Motion  of  the  Sap  in  Trees,  In  a 
Letter  from  Thomas  Andrew  Knlf;ht,  Eiq.  to  tlie  Right  Hon.  Sir  Jofeph 
Paiiks,  Bart.  K.  B.  P.  R.  S.    From  liic  Phil.  Tranl".  for  1804.  2ti9 

XIV.  Extract  of  a  Memoir  of  Mr.  Erman,  entitled,  Obfervations  and 
DoubiftconcerniugAtnioi'pIiciic  Electricity.  ...  'jiH 

Scientific  News.        -.---..  Z0\ 

ExtnSk  of  a  Letter  from  Mr.  J.  Dalton,  Leflurcr  at  the  Royal  Inftitution,  S03 

To  CorrefpondcnH.  -.-•*•  30.^ 


A 

JOURNAL 

OF 

ATURAL  PHILOSOPHY,  CHEMISTRY^ 

AND 

THE     ARTS. 

I 

J  A  N  U  A  11  Y,     1805. 


ARTICLE    L 

Concerning  the  origin^d  Inventors  of  certain  philofophical  Difi 

cm'eries  :  the  Rejkciion  op  Cold ;  Coinprejfwn  of  IVater  in  a 

■   jnctallic  Vejftl ;  the  Telefcope;  and  a  perfpedive  Infirument  for* 

merly  defcribed.     In  a  Letter  from  Sir  H.  C.  ENCLEFiELDi 

Bart.  M.  P.  F.  R.  S.  S^-c.  i\c. 

To  Mr.  NICHOLSON. 
SIR, 

/xLTHOUGH  abftradedly  fpeaking,  it  is  of  no  importance  Uni^erCd  fenti*; 

to  fcience  who  firft  made  the  mod  valuable  experiments,  or  io  "l^"j."'"^^of 

what  individuals  the  world  i:«  indebted  for  the  mod  ufeful  dif^ 

coveries ;  yet  as  the  fenfe  of  mankind  has  univerfaily  in  this, 

as  in  feveral  other  Ihinj^s,  been  in  dire^  oppofition  to  frigid 

reafoning,  and  every  otie  has  been  defirous  to  vindicate  the 

fame  of  eminent  men,  by  afcertaining  to  them  the  honour  due 

to  tiieir  labour  or  genius,  I  trufl  that  the  following  obferva- 

tions  will  not  be  deemed  unworthy  a  place  in  your  valuable 

Journal. 

1.  The  rxprriment  of  the  reflexion  of  cold  has  been,  as  far  Reflexion  of 
as  I  know,  both  in  converfation  and  in  printed  bookr,  uni-^''***  ^^'^'^ 
formly  afcril>ed  to  Mr.  Pi6let  of  Geneva,     Now  in  the  coifcc-         ' 
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lion  of  expeiiinenu  publiflied  by  the  Academy  Del  Cimeala 
oC  Florence,  in  ihe  year  1663,  the  idenlii»I  experimenl  1 
defcribcd  in  [he  following  words : 

"  A'iw/i  Ejperioifnt. 
"  Wo  were  defitous  to  Iry  wheiher  a  concave  fpeculum, 
exporeil  to  a  raafs  of  ice  weighing  iOO  pounds,  would  rtflcfl 
any  Tt-'nPble  degree  of  cold  on  a  very  dt^licale  liiermomeler  of 
400  degrees,  placed  in  il  focus.  The  refult  was,  Ihat  the 
Ihennometcr  inHanlly  funk:  but  a.  doubt  cemajned  wheiher 
the  thermometer  was  acted  on  more  by  the  direfl  cold  of  the 
ice,  or  that  redeaed  by  the  fpecnluro.  This  doubt  wa*  re- 
moved by  covering  the  fpeciilum:  and  certain  it  ii  (what- 
foever  might  be  the  caufe)  that  the  fpirit  inftanily  began  to 
rife  again.  Yet  flill  we  will  not  prefume  polilively  to  aflirmi 
Ihat  thi!  rife  might  not  have  been  owing  lo  fome  other  caufe 
Ulan  the  taking  ofl'  Ihe  reflcOton  from  the  fpeculum,  all  Ihc 
precautions  not  having  been  lakun  which  might  be  confideted 
neceflary  to  fccure  ahfolute  airent  lo  the  experiment." — Saggi 
di  Kalitrali  Efperfriizt,  pa^e  176. 

I  do  not  mean  lo  alTert  that  Mr,  Piflel  had  feen  this  moft 
excellent  book,  or  ihat  he  borrowed  from  it  without  acl^now- 
ledging  his  obligation!  but  ihc  honour  of  having  firll  made 
the  experiment  is  certainly  due  to  the  Florentine  philofophers. 
tmUeniqrof  ii  o,ay  not  be  foreign  from  the  fubjefl  here  lo  obferve,  that 
^g^  '  '  the  "  Saggi,"  for  perfpicuily,  brevity,  and  ihal  diffident  cau- 
tion To  efTential  to  the  inve (ligation  of  truth,  is  a  model  of 
philofophical  writing,  not  perhaps  excelled  by  any  book  writ- 
ten lince  that  time,  and  more  admirable  when  we  conftder 
(he  diffufe  and  obfcure  ftile  fo  much  in  fafliion  in  Iho  worts 
of  the  learned  at  that  period. 

2.  Scarcely  any  trealife  on  natural  philofophy  ha;  failed  to 

iiid,  in  quoie  an  exper iiueni  made  by  the  academicians  Del  Cimento, 

up'refledOn  the  incompieffibilily  of  water  inclofed  in  a  globe  of  gold, 

a  globiand  fubmilled  to  ihe  prelTiire  of  a  fcrew  prefs.     Mr.  Canton, 

in  hise^pecimcnlson  the  fame  fubjedi  publiflied  in  the  5 2d 

vol.  of  the  Phil.  Tranf.  fo  fpeaks  of  it.     You  will  probably  be 

furprifed  when  I  alTert,  that  the  academicians  did  not  try  Uie 

'  Tbf  |k>be  wu    experiment  with  a  gold  globe,  but  one  of  filver ;  and  lhal 

■"'"■■  ••^"""-(hey  give  a  reafon  for  ufing  filver  in  preference  to  gold, 

RKrinf.  namely,  that  the  duflilily  of  gold  was  fo  great  tlmt  it  woold 

extend 
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ettend  its  dimenfions  by  prefTure,  and  (b  defeat  the  intention 
of  the  experiment.  Neither  was  the  globe  coinprefled  by  t 
machine,  but  meruly  by  hammering. 

But  the  honour  ot'  this  cxptTtmctit  is  not  due  to  the  Floren-tord  Bacon  Mt 
tine  philofophers,  but  to  our  own  illuftrious  countryman  ^^^ Inrn tT** ^^ 
Bacon,  who,  in  the  Novum  Organum,  Book  II.  Scd.  45, 
gives  the  very  fame  experiment  on  water  enclofed  in  a  large 
and  Hrong  globe  of  lead,  which  being  firft  comprelfed  by  the 
hammer  and  then  by  a  fcrew-prefs,  the  water  exuded  through 
the  pores  of  the  metal,  and  flood  in  a  dew  on  its  furface. 

The  inaccuracy  with  which  this  experiment  has  been  re- 
lated, though  in  this  cafe  of  no  great  importance,  nay  how- 
ever be  an  ufeful  leiTon,  and  induce  tliofe  who  wi(h  to  attain 
to  truth,  to  trud  as  little  as  poflible  to  information  at  fecond- 
band,  but  to  recur  to  tlie  original  authority  whenever  it  isprac-< 
ticable  to  do  fo. 

Before  I  conclude,  permit  me  to  mention  a  curious  circum- Thetekfoopeiiit 
(lance  relative  to  the  sera  of  the  invention  of  the  telefcope.  "\iij2lJ55?* 
Almoil  all  books  place  it  in  the  year  1609,  and  the  fird  dif-twDfcart-Mn 
coTeries  of  Galileo  were  made  in  1610;  yet  Kepler,  in  his^^"^^^**» 
account  of  the  comet  which  appeared  in  September,  ]607« 
(See  Kepler  de  Comelis,  page  25)  cxprefsly  dates,  that  though^ 
to  the  naked  eye,  it  was  only  equal  to  certain  fixed  liars  near 
it,  yet,  when  viewed  with  telefcopes    (perjpicillis),    it  ap* 
peared  larger  than  thofe  (lars. 

Although  the  intercourfe  between  the  different  nations  of Remsrks  on  die 
Europe  was  at  that  time  much  lefs  than  it  now  is,  it  is  very  P"**f*^  ^^*^ 
difficult  to  fuppofe  that  Galileo  (liould  not,  in  upwards  of  two 
years,  have  heard,  not  only  of  the  invention,  but  its  applica- 
tion to  celcdial  obfervations  by  a  man  fo  eminent  in  fcience 
as  Kepler:  and  it  is  fcarcely  lefs  extraordinary  that  Kepler 
hirofelf  (hould  not,  in  that  fpace  of  time,  have  foredalled  Ga- 
lileo in  fome  of  thole  difcoveries  which  rendered  his  name  fo 
illudrious;  for  however  imperfed  Kepler*s  telefcope  might 
be,  it  is  hardly  poffible  that  it  could  have  failed  to  (hew  him 
the  fatellites  of  Jupiter,  which  are  vifible  to  the  cottimoneft 
opera  glafs. 

I  am.  Sir, 

Your  obedient  fervant, 

H.  C.  ENGLEFIELD. 
Tilney  Street,  Nov.  30,  1 804. 

B2  P-S,  ^ 
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lUnflMWM        p.  A  I  beg  leave  toadd,  U»t  the  mediiDe  fiir  dmWing^* 
^"2^2^^  ^  perfpeaive,  defcribed  m  yo«r  Jottnml  for  Odobef ,  piige  139^ 
rpcdifc  inftni-  wat  (I  am  almoft  aUblotely  certain)  the  invention  of  the  lale  • 
^mtnkmAto*  mod  eminent  Mr.  Ramfden.  and  was  made  by  him  full  25 
.  I     •  years  finoe,  for  the  Right  Honourable  Charles  Greville. 


AccouM  rf  an  anciad  Egfftien  SaUphtre  wUh  Hieroa^kief, 
Jkfpoftd  io  relate  tO'AJtronomy.     In  a  Letter  from  Mr, 
H.  Steimh  AVER.     With  an  Engraving. 

To  Mr.  NICHOLSON. 

SIR,  Fubieck,  Oa.  25,  1804. 

ftiyli|ty.  ftdp  JL  ERHAPS  the  liberty  that  I  take  in  fubmitting  the  annexed 
y*^***J*  draught  of  an  Egyptiaii  aqtiqaity,  may  be  an  intrufion  upon 
md  beartag  hlU  ihe  plan  of  your  valuable  Journal.  The  Egyptian  hieroglyphic 
r^glyphiei.  ii^fcriptions  are  involved  in  fuch  iropenetxable  darknefs,  that 
every  trifle  contributed  to  (heir  elucidation  cannot  but  be  ac- 
ceptable, indeed  equally  acceptable  to  the  antiquarian,  the 
hiflorian,  and  the  alironomer ;  fince  the  greater  part  have  pro- 
bably a  reference  to  that  fcience.  Stones  fculptured  in  the 
(hape  of  a  fcarabxus  are»  I  believe,  (for  I  make  no  preten- 
fions  to  the  title  of  an  antiquariaii)  well  known;  there  are  a 
few  in  the  BritiQi  Mufeum  ;  but  1  never  yet  faw  either  a  fac- 
firtiile  of  tlie  infcriplion,  or  any  attempt  at  an  explanation  of 
the  fame.  The  drawings  inclofed  are  taken  from  a  ilorie 
brought  by  the  SvrediQi  conful  at  Aleppo  to  Stockholm,  and 
there  prefented  by  him  to  a  gentleman,  who  has  favoured  me 
with  the  loan  and  permiflion  to  make  drawings  or  impreffions 
of  it  at  pleafure.  The  upper  part,  of  the  fize  of  the  iketchf 
obvioufly  reprefents  a  fcarabaeus ;  probably  the  S.  Sacer,  Lin. 
&  Fabr.  though  the  indentures  on  the  head  are  but  (lightly 
marked,  and  a  (light  damage  between  tlie  thorax  and  elytra 
render  it  impollihle  to  difcover  whether  a  fcutellum  be  indi- 
cated or  not.  It  was  perhaps  the  only  beetle  they  reprefented 
in  fculpture,  and  the  accuracy  of  a  modern  nomenclator  is 
confequently  unneceflary  to  determine  it.    If  I  recoUeft  right, 

this 
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(his  beetle  was  made  ufe  of  as  a  fymbol  of  (he  annual  rolation  Porphyry  fculp- 

of  the  fun.     The  under  fide  is  flat,  or  flighlly  convex,  perhaps  ^^  ^^i^Slus^ 

from  wear,  and  bears  eight  lines  of  hieroglyphics,  probably  and  beuing  hie- 

referring  to  the  change  of  the  fcafons*     The  drawing,  made^^^yP*"^* 

with  the  greateft  accuracy  from  an  impreffion  in  fealing-wax, 

is  confequently  inverted.*     Should  you,  fir,  or  any  of  your 

friends,  wiQi  for  one  to  prove  the  exa^nefs  of  the  draugbt, 

it  is  very  much  at  your  fervice.     The  ftoneitfelf  is  apparently 

a  fpecies  of  porphyry,  the  fcrpeiitino  verde  antico,  of  a  green 

mafs,  with  very  dark  green  field-fpar,  and  pale  green  indif- 

tindl  flripcs.     The  plainnef^;  of  the  infcription,  and  (he  isnn^ 

fy mbol  occurring  feveral  times  upon  it,  led  roe  to  fufpcA,  that 

it  would  be  no  very  difficult  (atk,  for  fuch  as  are  verfant  in 

antiquities  of  tho  kind,  to  difcover  fomewhat  of  its  purport; 

and  being  confcjous  of  its  value,  I  was  unwilling  to  let  it  lie 

by  me,  without  V^'^'^ii^g  i(  (<>  ^he  attention  of  fuch  as  are 

more  deeply  interetled  in  it.     Your  wifti  to  promote  the  arts 

and   fciences,    which   fo  obvioufly  pervades  your  efteemed 

Repofitory,  makes  roe  hope  that  you  will  excufe  mine,  in 

cafe  the  fubjed  (bould  not  be  admiUible  into  your  PublLr 

cation, 

I  remain^  Sir, 

Your  obedient  humble  fervant, 

H.  STEINHAUER. 

P.  S,  Is  the  carbonate  of  barytes  a  frequent  Britifh  mineral.  Native Ofboaatv 
except  at  Chorly  ?  If  not,  it  may  perhaps  be  interefting  in-**^.^?'^'*^ 
formationi  that  it  is  found  in  very  large  quantities  near  Murton 
in  Cumberland,  and  fome  other  places  of  the  vicinity.  The 
native  oxide  of  zinc,  fcarcely  inferior  to  the  flowers  of  zinc 
of  the  fliops,  I  do  not  recolle6t  to  have  feen  mentioned.  It 
is  found  in  one  part  of  the  Wefl  Riding  of  Yorkfliire,  in  con* 
(iderable  quantities^ 


*  The  engraver  having  followed  the  drawing  upon  the  coppefi 
our  print  is  not  inverted .-r-N* 
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ExtruA  (^  a  Memoir  on  the  fuming  Liquor  o/"  Cad 

V^ADET  difcoTcred  ihis  liquor  near  half  a  century  a, 
making  invel>igaliuns  on  arfenic.  The  name  at  its  aulln 
givi-n  to  it  ihen,  which  il  has  retained  ever  liiice,  becaufe  t4 
inliiBulc  nalure  ami  confliiuent  prini'rptes  weie  unknown^ 
The  thick  fmoke  which  thU  fingiilar  produfl  fprcad^  ihrouglf  J 
tlie  ail,  its  fpccific  gravity,  grcalcr  than  Ihat  af  water,  itf  J 
oily  fiaie,  its  great  volaliliiy,  its  powerful  iiduur,  its  fpontM*  J 
neuu!i  inflammalion  in  the  nir,  ofaferved  by  Cadet  and  thv| 
chcmJH-"  of  Dijon  ;  in  fine,  all  iu  properties, 
Iraordinary  than  the  other,  inducrd  Cil.  Thenard  lo  liibjed^ 
to  .inalyfi«. 

He  began  by  procuring  fuveral  ounces  of  ihit  tiquor,  t 
dillilling,  according  to  Cadet's  procef^,  equa!  parts  of  acelitj?'! 
of  poladiahdarfenious  acid,  the  produce  of  which  he  received 
in  giafs  globes,  cooled  with  a  miMiire  of  ice  and  marine  (alt. 
A  liquor,  very  liille  coloured,  and  fmeliing  Ilrnngly  of  garlic, 
foon  palTed  into  the  receivers;  at  the  fame  lime  much  gas  m 
difengaged,  which  fpread  ihe  fame  odour,  and  the  rccejvt 
were  filled  with  vapours,  fo  heavy  that  ihcy  feemed  lo  t 
like  oil.  When  the  operation  was  terminated,  he  unluted 
the  apparatus,  and  broke  the  retort.  The  bottom  of  it  was 
covered  with  a  white,  acrid,  and  alkaline  fubllance  of  poi> 
ajh,  arifing  from  tlie  acetitc  employed  ;  and  the  neck  w 
lined  with  cryfiali  of  arfenic,  owing  to  the  reduAion  of  ti 
aifenious  acid.  The  gafes,  the  quantity  of  which  was  v 
great,  contained  arfcmated  hidrogen,  in  addition  lo  the 
bonated  hidrogen  and  carbonic  acid,  given  by  all  vegetable 
matters  which  are  decompofed  by  fire.  The  liquid  prodtlfi 
was  compol'ed  of  two  very  difilnfl  ilrala,  holding  melaliic  ar- 
fenic  in  folulion,  which  was  not  long  belbre  i(  Mas  depolited 
in  flokei)  iIk  upper  one  was  of  a  browDiOi-yellow  and  sqae- 
ous,  the  lower  one  was  lefs  coloured,  and  of  an  oily  appew. 
ance.  He  feparated  them,  by  pouring  them  into  a  tuli«  draw 
to  a  point  by  the  lamp,  which  allowed  him  to  receive  tht 

*  Frgm  BulJeli.i  des  Sciences,   Tom.  III.  p.  203, 
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in  different  vefTdi.     Tlie  lieavieft,  as  being  ihe  mod  uMal  lo  Eiiminiilon  of 

be  known,  wat  fiiJl  examined.     At  the  commciicemenl  he  **■« '>"*'tft. 

WIS  BtFeflfH  by  liie  Duel;  vapours  which  il  dirpcrfcs  through 

the  air,  and  by  its  extremely  penetrating  and  liortibly  fetjd 

odour.     lu  aflion  on  the  animal  economy  !i  fo  powerful,  that  I'  powcrfjlly if. 

he  tijund  it  impoirible  lo  devole  more  than  one  hour  in  a  day  '^^  ccgnooiy!" 

to  Iiii  enquiries  and  he  wa.s  imirc  ih.iii  nncc  tempted  lo  abin- 

don  them.     He  was  in  Ihu  lame  Hale  ai  if  he  had  taken  a 

flrong  rotdiune,  and  experienced   (tupelying  effects ;  againll 

which  he  employed  fulphurated  hldrugen  diltulved  in  water, 

with  taiceU. 

As  hu  had  but  a  fmall  quantity  ol'  the  liquor  at  hii  difpofsl.  Order  of  the  io- 
■nd  il  was  of  ImportanL'C  that  his  allempts  (hould  not  be  fruit- "  '*"'"'■ 
leTs,  he  regulated  the  order  of  his  trnquiiiei  in  ihii  manner: 
He  fird  determined  the  caufe  of  the  odour  whith  it  fpreads 
tlirough  Ihe  air;  liien  he  foiiKht  for  thai  nf  the  thick  vapours 
which  it  produces,  and  aflerwstds  that  uf  its  Ipontaneoui  in- 
llammation ;  and  he  made  ufe  of  the  de I ernii nation  of  thefe 
three  pninti  lo  difcover  the  fourth,  and  moll  important,  the 
cunltiiueni  principles  of  the  fubftance. 

The  iidour  i-ould  only  proceed  from  ihe  fubflance  kfelf,  Ciofc  of  dw 
•r  dfe  (rom  an  elalilc  fluid  which  il  might  hold  in  (olulion,  '*'"'■ 
and  which  the  author  fuppofcd  to  b<.-  arfenialec!  hidrogen.    He 
therefore  ilrftilled,  with  great  care,  a  certain  quantity  of  the 
liquor  in  a  fniull  glafs  relori,  lo  which  were  adapted  a  re- 
ceiver and  a  tube  liir  collecting  the  p.afes.      He  obtained  no- The  llquorwit 
thing  but  Ihe  air  of  the  veffels ;  ihe  liquor  wa«  entirely  vola-  ""'^'".e^  *'J 
lihsed,  and  |i3ll'ed  into  ihe  receiver  witlioul  having  undergone  . 

aoy  alteration,  except  that  iln  colour  was  not  quite  fo  deep,  ^m 

Hence  the  odour  of  ihe  arfenical  liquor  is  owing  lo  its  pro-  ^M 

perty  of  being  volatilized,  and,  probably.  dilTolved  in  the  air.  1 

The  caufe  of  iti  vapour;  could  only  be  owing  lo  an  ab- In  Tipom  it  «• 
forption  of  oxigen,  or  lo  en  abforpiion  of  the  water  diifolved  ^^;°"*f  ^* 
in  Ihe  air,  or  lo  both  Ihefe  effeCl«  ai  the  fame  lime, 
of  a  llalk,  into  which  Cit.  Thenard  had  poured  a  few  drops, 
immedialely  loft  its  Iraofparcncy,  and,  in  a  (liort  time,  be- 
came incapable  of  fupporltng  the  combuOiou  rf  a  taper.     A 
velTeiof  the  fame  fize,  filled  with  carb/inic  acid,  offered  Ih6 
fame  phenomena,  but  in  a  [vU  dillinfl  manner.     To  guard 
againft  the  ConUd  of  the  air,  he  had  been  careful  to  fufpend 
a  very  thin  lube,  conlaining  the  liquor,  to  the  cork  of  the  flafk. 
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(o  (hat  he  could  eafily  break  h  againfl  the  ddes  of  the  veilel. 
The  vapours  were  not^erceptiblc  when  he  ufed  carbonic  acid 
pcrfedlly  dried;  whence  he  concluded,  that  the  vapours  of 
the  arfentcal  liquor  are  owing  (o  an  abforption  of  the  oxigen 
and  the  water  contained  in  the  air  jointly,  but  that  the  firft  of 
thefe  caufes  Teems  to  be  more  powerful  than  the  fecond.   ' 
Its  propertj  of-       From  this  it  (hould  (eem  th&t  the  arfenical  liquor  is  poflefled 
inflamirig  fpon-  ^£  ^^^  property  of  inflaming  alone.     It  dues  not  however  take 
ifig  to  metallic    fire  at  the  approach  of  a  bcHy  in  combuHion,  when  it  is  very 
arfenic.  pure;  and  it  is  obferved,  that,  in  all  the  fpontaneous  inflam- 

mations which  it  experiences,  the  combudion  always  begins 
at  the  black  fpecks  which  diflurb  its  tranfparency,  and  are 
only  metallic  arfenic  rery  much  divided. 
It  muft  there-         It  now  remained  to  determine  the  nature  of  the  arfenical 
ore  wn  tin  ar-   yq^^j.      jj^  odour,  which  refembles  arfeniated  hidrogen  gas, 
indicated   that  it  mufl  contain  arfenic,   and   that  (his  metal 
muH  have  great  influence  on  the  phenomena  which  it  offers: 
Its  combuflibiliiy,   its  coniiftence,  and  its  appearance,  indi- 
«n  oily outtery   cateci  an  oily  matter;  and,  although   it  did  not  change  the 
tin6turc  of  lurnfole,  and  no  re-ageni  denionffrated  imroedi* 
and apetoos acid} aiely  the  exidence  of  acetous  ^cid,  this  body  mufl  neverthe- 
bat  this  was  npt  iefs  be  cxprdled  in  it.     To  fucceed  in  infulalin^  thefe  difl'err 
Indicated  by  al-,  ^.-nt  fubflances,  tiie  author  tried  the  alkalies;  but  experience 
foon  convinced  him  that  he  mull  have  recourle  lo  other  means. 
OxigenateJ  mu-  He  employed  the  oxigenated  muriatic  acid  with  much  greater 
fiatic  acid  de-      fuc'ccfs.     Some  drops  of  the  liquor,  pjured  into  this  gas,  were 
-  inflantly  inflamed,    and   their  decomj)oiition   was    complete. 

They  were  then  precipitated  in  white  flocks  by  lime-water, 
Formed  a  foli-  ^^^  *"  yellow  ones  by  lulphurated  hidrogen;  while,  on  being 
atcd  fait  with  faturated  with  polafli  and  evaporated,  they  formed  a  foliated 
^'^      *  fait,  flrongly  allracling  the  huiuidity  of  the  air,  acrid,  fliarp, 

decompofable    by    fulphuric   acid,    and  diUngaging  a  flrong 
odour  of  vinegar.     The  quantity  ot  arfenic  and  of  acetous 
acid  obtained,  being  far  from  correfponding  with  the  quantity 
of  liquor  which  had  been  ufcd,  there  amfl  therefore  have  been 
Itifolution  in     another  body  in  it  which  it  was  requillte  to  inlulale,  and  this 
water,  decom-    ^qs  accompliflied  by  treating  a  new  portion  of  the  liquor  with 
Mted  hidrogen,"  *  quantity  of  water  fuflicient  to  diflToIve  it ;  then  on  decom- 
yieldcd  fulphur,  pofing  it  by  fulphurated  hidrogen,  it  yielded  a  precipitate, 
containing  ace-   ^'g^*^'/  y^^^^^^'t    very  much  divided,    formed    principally   of 
tous  acid.  arfenic  and  fulphur,  which  w  as  a  coniiderablu  time  in  fepa^ 

rating 
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rating  from  an  oil^  which  was  afterwards  fecn  fwimming  on 
the  farface  oF  the  liquor.  This  contained  a  great  deal  of 
acetous  acid.  Its  dccompofition  may  be  further  facilitated 
by  expofing  it  to  (he  air;  then  it  emits  thick  vapours,  it  is 
cfyftallized,  and  becomes  flightiv  humid.  It  is  rendered  tur- 
bid by  lime-water^  and  yields  a  yellow  precipiiaic  with.ful- 
phurated  hidrogen. 

From  thefc  different  experiments  it  follows,  that  this  liquor  Compofition  of 
i«  compofcd  of  oil,  acetous  acid,  and  arfcnic,  nearly  in  a  me-       "cavicft  li- 
tallic  ftale;  and  that  it   mud  be  confiiiered  as  a  fpecies  of* 
foap,  with  a  bafe  of  acid  and  arienic,  or  as  a  fort  of  olco- 
arfenical  acetite. 

This  analyfis  was  very  ufeful  in   that  of  the  upper  liquor.  The  upper  fluM 

Infaa,  notwilhfianJin-'the  difterence  which   fcems  to  exifi  f'^'^"'"™  J*** 
*  '^  /•      1  "  i:'wcr,  only  by 

between  them,   lince  ilit*  laUer  rcfiinbleN  water,  can  co^i  bine  having  a  larger 

with  it  in  all  proportions,  forms  oiilv  a  fliijht  cloud  in  the  at- P'*'?***^*'"  ®f 
luoiphei'e,  has  much  !el.>  odour,  and  doe^  not  inflame  m  any  water, 
cafe,  it  is  ealy  to  prove  thai  it  only  differs  from  the  firft  by  its 
greater  proportion  of  acetous  acid,  aiul  by  the  water  which  i( 
contains ;  for  it  reddens  ihc  tincture  of  lurnfole  flrongly,  effcr- 
vcfccswilh  the  carbonates,  gives  ril^-'  l(»  acetites,  and  isfligbtly 
precipitated  of  a  yellow  colour  by  fulphurated  hidrogen,  which 
.jfcparates  a  little  oil  from  it.  A  very  fmali  quantity  of  oxigen- 
aled  muriatic  acid  fpecdily  deflro)s  the  odour,  and  it  is  then 
precipitated  while  by  lime-water,  and  of  a  deep  yellow  by 
the  hidro-fulpliurets.  Expofure  to  ihe  air  produces  in  it,  by 
time,  the  fame  changes  as  take  place  immediately  wilh'ox- 
igenaied  muriatic  acid.  Finally,  a  liquor,  exactly  fimilar,  is 
formed  by  dillblving  a  few  drops  of  the  lower  hquor  in  very 
weak  vinegar^  and  thus  fjnlhefis  cucfirms  the  refults  of 
pnalyds. 

We  can  now  eflablKh  a  theory,  clear  of  all  hypothcfis,  on  Theory  of  the 
the  phenomena  offered  by  the  dillillalion  of  aietite  of  potafli pro«f$. 
and  arfenious  acid  ;  we  fice  that  one  part  of  tl)e  arli-nious  acid 
js  entirely  reduced  j  that  another  is  on!)  brought  near  the  me- 
tallic flalc;  that  the  acetite  of  polafli  is  totally  decom poled  ; 
that  almod  all  the  acetous  acid  is  alfo  decpmpcfeci ;  and,  that  Cofftponent  parti 
from  thefe  diflerent  decora pofii ions  refult  water,  carbonated  Jl*^^*^*' f"™''^ 
hidrogen,  arfeniated   hidrogen,  carbonic  acid,  a  peculiar  oil, 
oxide  of  arfenic,  arfenic,  and  poialh;  that  the  potail)  forms 
the  white  rcfidue  found  iu  the  vcfrds  in  which  the  diflillation 

was 
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pwffeifmtd ;  thut  the  artcoic  it  4iiliined»  wmi  mOmm  A» 
dM  mck  of  the  retort ;  that  the  three  diffsreol  fpeeiei  of  gM 
ere  «iied,  end  nmj  be  colle6ed  in  fleflcji;  fimdlyt  thet  the 
weter,  the  oil»  the  aoetoot  wad,  sod  Ui|b  oxide  of  erloiic^  are 
eoadenfed  in  the  receiver;  that  theie  three  left  bodiet,  hj 
ooonbiotng  m  certain  proportiont,  form,  a  very  vobtiie  ooo^ 
poondy  heavier  than  water,  and  fparingly  fdabie  in  it;  and 
that  it  it  for  thit  reafen  that  it  fepaiatet  into  two  verj  diftiiid 
ifaata  {  the  lower  of  which  moft  be  confldeied  at  aa'oleo-arfe* 
nical  acetite,  and  the  other  at  a  portion  of  the  firfidiflblvedi» 
water,  which  (elation  u  promoted  by  an  eiceft  of  acetoea 
acid. 
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IV. 

JkanaU  ff  Cerium,  a  new  Metal  finmd  in  a  mnerol  Stibflwiee 
frem  Bajtmu,  in  Sweden.    By  W.  D'HstiNGBR  aad  J.  B. 

Ba&GELIUt. 

(Ooncloded  fitNB  Page  300,  Vol*  IZ.) 
With  Succinic  Acid. 

(P.)  XxT  fir/1,  fuccinic acid  renders  the  faturated  folattont 
of  cerium  turbid,  but  afterwards  they  become  clear.  Thus, 
a  few  drops  of  fuccinate  of  ammonia,  poured  into  a  faturated 
nitric  or  muriatic  folution  of  this  metal,  occafion  a  precipitate, 
which  foon  difappears.  On  pouring  in  a  greater  quantity  of 
thi$  reagent,  the  fuccinate  of  cerium  is  immediately  depofite>d. 
This  combination  is  white ;  it  is  not  wholly  infolnble  in  water, 
fince  the  folution  firom  which  it  was  feparated  ftill  retains  a 
lUtle,  as  is  manifefted  by  evaporation,  or  by  alkah*es.  The 
fait  obtained  by  digefting  free  fuccinic  acid  with  the  oxide, 
comports  itfelf  in  the  fame  manner.  The  acid  diflblvet  it 
readily.    Expofed  to  the  fire,  it  burns  with  a  blue  flame. 

Since  the  acetate  of  cerium  is  not  precipitated  by  the  fucci- 
nate of  ammonia,  this  is  a  certain  means  of  obtaining  the  ce- 
y  rium  fireed  from  iron. 

With  Gallic  Acid. 

OalUte  of  ceri*      (^')  If  cryftallized  gallic  acid  isput  into  a  faturated  folution 
of  mnriate  of  feriam,  a  fmall  quantity  of  a  white  precipitate 

It 
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is  (brmed.  The  alkalies  augment  it,  and  give  it  a  clear  cbo* 
coUUe  colour.  If  a  larger  quantity  of  alkali  is  gradually  added, 
tbe  quantity  of  the  precipitate,  and  the  intenfity  of  its  colour 
are  increafed  ;  in  proportion  as  this  addition  is  made,  the  pre- 
cipitate becomes  of  a  reddifli  brown,  and  at  length,  by  expo- 
iitre  to  the  light,  gives  a  turbid,  deep  green  (biution. 

With  Prujjlc  Acid. 

CIL)  The  faturated  folutions  of  cerium  are  precipitated  Hruflitte  of  <f- 
white  by  the  pruffiates.    The  voluminous  precipitate  has  much  '*""** 
refeinhlance  to  filver  precipitated  by  muriate  of  foda»     An  ex- 
cefi  of  acid  readily  diflfolves  this  precipitate. 

Oxide  of  Cerium  wiUi  Sulphurated  Hidrogen, 

(Sn)  At  the  commencement,  the  faturated  folutions  of  ce- Hydro.ri^phBflit 
rium  are  precipitated  of  a  brownifli  colour  by  hidro-fulphuret  """• 
of  ammonia ;  but  if  more  of  this  re-agent  is  added,  the  precipi- 
tate is  of  a  deep  green.  The  muriate  of  cerium  alone  takes 
a  deep  green  colour,  but  if  an  alkali  is  added  to  it,  an  hidro- 
lulphurated  combination  of  muriate  of  cerium,  at  a  minimum 
of  oxidation,  is  formed,  which  is  rapidly  precipitated  of  a 
bright  green  colour. 

The  hidro-fulphurated  cerium,  well  dried,  has  a  deep  green 
colour,  alrooft  black.  It  is  eafily  deftroyed  by  heat ;  put  into 
a  crucible,  moderately  hot,  it  burns  with  a  yellowiib,  phofpho- 
ric  flame,  only  vifible  in  the  dark. 

Sulphurated  Oxide  qf  Cerium^ 

(T*)  The  fulphuret  of  ammonia  gives  a  &d!ng  brown  pre- Snlphnntsd 
jcipitate  with  the  folutions  of  cerium.    This  fulphuret,added*^^**™*"* 
in  excefs,  gives  a  precipitate  of  a  grafs  green,  which  becomes 
bright  green  by  deficcation :  it  burnt  with  a  blue  flame  and  the 
pure  oxide  remains. 

The  muriate  of  cerium  at  a  minimum  is  precipitated  white  by 
fulphuret  of  ammonia. 

Oxide  of  Cerium  Xidth  Phojphorus, 

(U.)  A  piece  of  pure  phofphorus  was  put  into  a  folutionPhofphatesf  c 
of  muriate  of  cerium  contained  in  a  clofed  veflel,  and  kept  for""™* 
feveral  days  on  a  (love.    The  bottom  and  fides  of  the  veflel 
jrrere  covered  with  a  white  precipitate,  and  the  piece  of  phof- 
phorus 
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pborus  was  covered  with  a  hard  brown  craft,  Min  which  the 
pfaofpboror  was -fepanted  by  heating  it  in  wsrui  water.  ,Thia 
cruft  was  ienaciout^  and  ihioing  in  the  dark.  Heated«>it  took 
firp  like  phofpborus,  and  left  a  refidne  of  a  fmall  quantity  of 
OBide,  which,  on  being  melted  wilh^borax^  exhibited  the 
charadert  defcribed  above,  except  that  the  globule  retained 
its  clear  green  colour,  after  being  cooled.  It  appears  pro- 
bable that  thefe  phenomena  arofe  from  the  phofphorus  con- 
-  faining  cerium.  But  the  phofphorus,  kept  for-a  uKNith  in  the 
iame  folution,,  (lowly  depoHted  a  white  powder ;  whence  it 
is  uncertain  whether  the  formation  ot  the  cruft,  mentioned 
above,  was  owing  to  the  cerium.  The  acid  was  always  ia 
excefs  in  the  folution,  and  the  white  powder  bad  all  the  ap* 
pearance  of  phofphate  of  cerium. 

With  the  Alkaliet. 

AftioBof  ths        (V,)  The  pure  alkalies  do  not  diflblve  cerium,  even  faj 

^^^'^^^  fuiion.    By  this  means  it  is  eafily  deprived  of  maoganele. 

Pure  ammonia  digefted  with  the  oxide,,  does  not  diflblve  iCf 
but  renders  it  yellowifli. 

The  carbonated  alkalies  diflblve  the  oxide  of  cerium  in  fmail 
quantity.  The  folution  is  yellow,  and  is  precipitated  by  the 
acids.  They  alfo  diflblve  it  by  fufion  in  covered  vefleU,  In 
the  open  fire,  it  oxides  too  mudi  to  enter  intp  folution. 

Iron  or  sine  do       The  folutious  of  cerium  are  not  precipitated  by  iron  or 

not  jyrccipitaie     ^inc. 

cerium.  The  eledric  pile  of  Volla  only  decompofes  the  falts,  and 

AAion  of  gal-    the  yellow  oxide  adheres  to  the  conductor. 


V. 

Kew  Experiments  on  Ahfoyption  by  Charcoal,  made  by  Aieam  qf 
a  nr^  Machine,  \  By  Q,  L.  Morozzo. 

(Concluded  from  P.  264  Vol.  IX.) 

On  Oxigen  Gas, 

Oxigcn  gas*       25lh.  1  NEXT  proceeded  to  the  examination  of  the  abforp. 
tion  by  charcoal  in  oxigen  gas. 

I  therefore  extracted  fome  oxigen  gas  from  red.  precipitate 
to  be  employed  in  my  .different  experiments.    Of  this  gas, 

trie 
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tried  with  charcoal  in  my  machine,  eight  inches  and  fix  lines  Oxlgen  gas* 
were  abforbcd  :  Uais  great  abforption  furprized  me ;  for  in  my 
firft  experiments}  in  ITSSy  made  in  clofed  tubes.  I  had  had 
but  a  very  fmall  one :  I  therefore  found  ho  difficulty  in  attri- 
buting it  to  my  matrafs  having  been  melted  towards  the  clofe 
of  the  operation,  which  ^ade  me  fufpe^  that  my  gas  had 
been  fpoiled  by  the  nitrous  acid ;  and  I  repeated  the  experi- 
ment with  great  care. 

26th.  I  then  took  oxigen  gas  which  had  been  obtained  from 
red  precipitate  with  great  attention,  and  had  been  prepared 
in  the  laboratory  of  D()6lor  Bonvoifin ;  what  was  my  aflonifb- 
ment  at  obferving  that,  in  thirty-fix  hours,  the  abforption 
amounted  to  twelve  inches  and  eight  lines,  and  that  it  conti- 
nued for  fcveral  days :  in  forty-eight  hours  it  was  fourteen 
inches  (ix  lines  ;  in  four  days,  fifteen  inches  two  lines ;  in  live 
days,  (ixteen  inches  four  lines;  and,  finally,  in  three  days 
more,  the  gas  was  entirely  abforbed. 

27th.  This  experiment  was  too  interefting  to  omit  repeat- 
ing it  with  the.greate(i  poflible  precifion. 

I  therefore  took  fome  of  the  fame  oxigen  gas,  and  the  ab-  * 
forption  was  twelve  inches  three  lines  in  the  fird  four  hours; 
in  forty-eight  hours,  it  was  thirteen  inches  fix  lines ;  in  three 
days,  fourteen  inches  five  lines ;  at  the  end  of  the  fourth  day, 
it  was  fifteen  inches  three  lines?  of  the  fifth,  fixteen  inches; 
of  the  fixth,  (ixteen  inches  feven  lines;  of  the  feventh,  feven- 
teen  inches  two  lines ;  finally,  on  the  eighth  day  the  gas  was 
entirely  abforbed. 

28th.  I  repeated  the  fame  experiment  on  oxigen  gas  ob- 
tained from  water  expofed  to  the  fun,  in  which   I  had  put    * 
three  ounces  of  charcoal-powder*;  in  this  gas,  which  was 
very  pure,  the  abforptions  took  place  in  the  fame  manner. 

29th.  Thefe  fads  will  furprife  thofe  who,  having  made 
their  experiments  on  oxigen  gas  in  tubes  clofed  hermetically, 
and  by  pafiing  the  charcoal  through  the  mercury,  obtained 
only  very  fmall  abforptions,  which  never  exceeded  three  inches 

*  In  the  twelfth  volume  of  the  Italian  Society,  I  have  inferted  a 
memoir  on  the  property  which  charcoal  mixed  with  water  has  of  de- 
veloping one-third  mere  of  oxigen  gns,  of  a  fupcrior  quality  to  that 
obtained  from  pure  water :  In  this  memoir  I  prove,  that  a  part  of 
this  oxigen  gas  is  produced  by  the  charcoal,  which  communicates 
the  principle  of  fire  to  the  air  contained  in  the  water. 

three 
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Ilirce  linei  m  lubeii  of  twelve  inchct  in  lirigbl.  I  am  ceftr> 
lainijr  not  millakeii ;  and  M  M,  Kouppe  and  Van-Norilei) 
who  have  repeat<j<J  my  cxperimetils  in  their  ajiparalufes,  hav^i 
obtained  ihe  fame  rel'ulii,  and*  have  lijand,  as  I  did,  thwtf 
next  lo  hidrngen,  oxigen  gas  is  (hat  which  h  leaft  abforbed, 
by  charcoai.*  , 

SOlli.  1  miill  nnl   paU  over  a   ftngular  experiment,  Ihe 
planalion  uf  whidi  will  alfo  be  very  difficult. 

I  examined  Ihe  ablorption  which  a  piece  of  charcoal,  that 
had  remained  feven  hours  in  (lie  bri)(ht  ligbi  of  the  fun, 
cSefted  in  the  fame  uxigengasi  it  was  only  between  ferco 
and  eight  lines,  while  a  litnilar  piece,  which  had  been  only, 
five  hours  in  the  folar  light)  produced  an  abforpiion  of  Mi'i 
inches  three  lines  in  carbonic  acid  gas, 

it  mull  be  obferved,  that  a  piece  of  charcoal  expofed  to 
the  light  of  the  fun  and  placed  in  oxigen  gas,  prwjuced  only 
an  abforption  of  feven  or  eight  line-,,  jull  like  the  sbforption 
of  a  piece  which  had  been  espufed  to  the  fun's  light,  and 
placed  in  hidrogen  gas,  which  gave  only  an  abforption  of  fix 
lines:  and,  in  this,  thefe  refults  are  perfeftly  conformable  to 
ray  experiments,   made  in  the  year  1763. 

31ft.  This  difference  of  the  refults  is  therefore  only  owitif 
to  the  method  either  of  palling  the  charcoal  under  Ihe  mercury, 
or  ol  leaving  it  in  the  machine.  It  appears  thai,  by  paflin^ 
it  through  the  mercury,  the  charcoal  lofes  much  of  its  attiac- 
live  power,  which  it  retains  In  the  machine. 

Let  us  endeavour  to  find  whether  ihcfi:  dilTerencei  can  be 
accounted  lor. 

32d.  It  might  be  fuppofcd  that  the  red-hot  charcoal  jn- 
flameii  tiie  oxigcii  gas;  but  Guce  1  do  not  open  the  key  until 
lome  lime  after  the  charcoal  has  been  inferied,  it  doet  not 
appear  lo  nic  lo  be  likely  that  the  gas  can  be  inflamed  :  belides, 
if  thii  were  ihe  cafe,  the  abforption  would  be  made  aj  once, 
and  it  would  not  require  eight  days  to  be  complete. 

33d.  It  might  be  fuppofed  that,  in  this  cafe,  tbechaicoal 
fupplied  hidrogen  gai:,  which,  mixing  with  Ihe  oxigen  gas 
and  producing  water,  would  caufe  the  abforption  ;  but  during 
the  whole  experiment  there  w 
perceived  in  the  lube. 
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fjUlh.  There  niighl  be  rearon  lo  believe  tbat  the  diarcoal, 
inllaiiiing  ihe  vxigen  gu,  mlglit  convert  it  into  carbonic 
acid  gan,  whicli  is  the  laoA  abforbed  uf  all  llie  gales ;  but  to 
latisr)'  myfelt  of  [hi>,  1  produced  an  abforplion  of  oxigen  gat 
by  a  piece  of  charcoal,  as  in  ilie  furnier  expertmcnU :  in 
twetily-tbree  hours  it  amounled  lo  twelve  inches,  then  wilh 
a  fyringe  of  ciy  Hal  I  palTed  Tome  lime-water  through  the  mer* 
cury  into  the  icniaining  gas,  and  it  did  not  become  (urbid, 
wiiich  proves  that  carbonic  acid  was  not  formed  ;  and,  having 
turned  up  the  tube,  the  refidual  gas  extinguiHied  a  taper ;  1 
believe  it  to  have  been  azote, 

3^th.  I  was  of  opinion  that  incandefcent  charcoal  would 
abforb  more  than  another  piece  whieh  had  been  fu(fered  la 
cool  till  it  no  longer  appeared  rt:d.  Experiment  fhews  a 
greater  abforpliuii  in  the  diti  for  twenty-four  hours;  but, 
leaving  the  apparatus  undillurbed,  in  two  days  the  abforption 
became  equal.     I  operated  upon  almofphcric  air. 

36tli.  I  mull  acknowledge  my  inability  to  give  an  expla- 
nation of  Ihofe  lingular  experiments,  as  I  have  already  de- 
cUreil  above:  Mere  I  lo  hazard  any  conjeftures,  iliey  would 
piubahl)  be  overturned  by  new  iheoriesi  which  do  not  fpare 
even  the  labours  of  the  greatell  ehensiflii  in  France, 

37ih.  I  fliall  therefore  continue  my  operations  as  I  pro- 
pofed,  and  new  experiments  will,  at  \eaCi,  fupply  the  want 
ot  fylleaii. 

On  Ihc  D'ffcremc  t"n  the  Charcoaii  made  ufc  qf. 

3Rth.  Having  afcerlained  the  abforplions  efTeded  by  theDimnneciniltc 
charcoal  of  beeth  wood  in  almofpheric  air  and  in  the  different  f"^'^'' ""'° 
gafes,  I  proceeded  to  examine  the  varialionii  which  the  char- 
coals of  different  woods  would  produce  in  lliem. 

39th.  I  therefore  took  two  pieces  of  diarcoal,  the  one  of 
beech,  the  other  of  the  branches  of  fallow  deprived  of  bark :  Chircoal  of  fat 
1  introduced  them  both  in, an  incandefcent  Dale,  and  exa-'°*> 
mined  the  difference  of  Iheir  abforption  in  the  fame  almo- 
fpheric air. 

That  of  beech  gave  an  abforption  of  feven  inches  and  eight 
lines  in  fix  hours. 

,  That  of  fallow  gave  only  an  abforption  of  four  inches  and 
three  lines,  and  there  was  no  fnnher  abforption  aAcr  iix 
hours. 

Thefe 
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Thefe  experiments  correfpond  perfeftly  wilh  thofe  whicb 
I  have  pubiifhed  in  my  third  memoir.  I  (hall  difpenfe  with  the 
reialion  o£  feveral  other  experiments  which  I  have  made  on 
different  woods^  fuch  as  hazlc^  vine-twigs,  &c.  all  of  which 
gave  lefs  abt'orptions. 
thosi  I  afterwards  tried  the  charcoal  of  box  wood,  although  it  is  a 

very  compad  wood;  but  fince  Kirwan  found  that  this  wood 
contains  much  more  faline  matter  than  any  other  wood,  it 
was  de(irablc  to  fubmit  it  to  experiment :  its  abforption,  how- 
ever»  was  cojifidcrablc,  and  equal  (o  that  produced  by  beech- 
wood.  The  greater  or  lefs  quantity  of  faline  matter  in  the 
wood  of  whicb  the  charcoal  is  made,  therefore,  does  not  con- 
tribute to  the  variations  in  the  abforption. 
if  cork*  40th.  I  afterwards  examined  the  charcoal  of  cork >  which 

intereftcd  me  greatly,  becaufe  Cit.  Odier,  from  the  experi- 
ments of  Dr.  Bcddoes,  has  propofed  it  as  a  medicine :  I  was 
defirous  of  examining  whether  it  contained  more  of  the  prin« 
ciple  of  fire  than  the  others.  I  therefore  charred  cork  ;  but 
it  is  fo  light,  that,  after  the  charring,  a  piece  of  equal  bulk 
with  thkt  of  the  beech  which  I  had  ufed,  weighed  only  three 
grains :  to  bring  the  circumftances  to  an  equality,  it  was  there- 
fore necciTary  to  make  the  experiment  with  a  pieca  of  beech 
charcoal  which  weighed  three  grains  *:  it  was  in  atmofpheric 
air  it  was  tried.     The  following  are  the  refults : 

Three  grains  of  beech  charcoal  produced  an  abforption  of 
one  inch  and  nine  lines. 

The  charcoal  from  cork  abforbed  only  nine  lines. 
The  charcoal  of       41ft.  According  to  my  principles +,  the  charcoal  of  cork 

cjrk  contains     jny^d  contain  the  matter  of  fire  more  than  any  other  charcoal; 
morecf  tbe  i         .  •  ^  .        •.  i-   .  ... 

principle  of  fire   thus  when  it  is  neceliary  to  give  it  as  a  medicine,  either  m- 

than  any  other    vvardly  or  outwardly,  it  (liouid  be  preferred  to  all  the  others ; 

and  1  am  of  opinion  that  it  is  by  oxidating,  and  not  by  difox- 

idating,  that  it  produces  its  aftoniihing  effects.     Befides,  we 

have  inftances  of  fubftances  which  a£l  in  this  manner.     Tiie 

oxigenated  muriatic  acid,  far  from  abftrading  the  oxigen,  it 

*  The  pieces  of  beech  charcoal  which  I  life,  and  which  weigh 
thirty-fix  grains,  are  of  the  length  of  tea  lines,  and  about  five  in 
diameter. 

f  See  my  third  memoir  on  charcoal. 

fuppofed 
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fuppofedi  on  the  contraryi  to  add  a  confiderable  quantity  of 
it  to  fetid  ulcers^  and  carries  otf  their  i'elidity  as  well  as 
charcoal.* 

Water  may  fometimes  he  uftd    in  the  Inftrument  inftead  qf 

AfercuTy. 

42d.  Although,  in  the  courfe  of  thefe  experiments^  I  have  Coloured  wAei' 
condantly  employed  mercury,  in  fome  experiments  a  coloured  f^*Z  ua^^^^^ 
\%'ater  may  be  ufcd  with  advantage*  fince  it  is  better  feen  in  mercury  in  tktf 
the  tube;  but  this  cannot  be  ufed  when  the  gafes  which  are °^^**"'** 
abforbed  by  water  are  examined,  nor  with  the  carbonic  acid 
and  the  other  acid  gafes  which  are  much  abforbed  :  then  it  it 
necetlary  to  change  the   tube,  and  to  fubfiitute  one  which^ 
inftead  of  eighteen   inches  is  at  leafl   thirty-fix  in  height > 
without  which  it  will  be  entirely  filled, 

^Sd.  It  was  on  atmofpheric  air  laken  in  my  room  with  the 
windows  open,  that  I  experimented  with  coloured  waters 
The  charcoal  produced  an  abforption  of  ten  inches  and  a  half^ 
It  has  been  fecn,  that,  with  the  mercurial  apparatus,  I  had 
had  an  abforption  of  eight  inches  fome  lines* 

The  prefllire  of  the  alraofphere  in  the  water  therefore  aug-  The  tttffart  of 
mented  the  abforption,  which  ufually  takes  place  with   the  ^*  *^"***'p^*'* 
mercury,  by  two  inches  and  a  half;  that  is  to  fay,  one-fourth  fuiti/ 
of  the  height. 

44th.  I  fliould  obfervc,  that  very  frequently  the  fmall  dif- 
ferences of  one  or  two  lines  obfcrved  in  the  abforptions  of 
the  fame  quality  of  air  or  of  gas,  are  owing  to  the  variations 
of  the  atmofpherc,  which  1  afccrtaincd  by  comparing  the 
height  of  the  barometer  during  the  experiment. 

Tlie  Pieces  of  Charcoal  ufcd  in  thefe  Experiments,  acquire  Weight.  ' 

45th.   After  the  experiments,    all   the  pieces  of  charcoal  The  chaitoal 
employed   had  acquired  grealtr  weight:    this  augmentation f^^"/*^^' ^*'^^* 
was  from  half  a  grain  to  two  grains,  and  appears  to  be  de-menu^ 
pendent  on  the  greater  abforption. 

46th.  1  took,  four  pieces  of  charcoal  wliich  had  been  ufed 
in  the  experiments  made  with  atmofpheric  air,  which,  among 
tliem,   had  acquired  four  grains  in  weight:    I  patVed  them 

*  Sec  the  notes  of  M.  Odler  to  Beddoes's  memoir.  Bibl.  Brit* 
Vol.  Vr.  p.  359. 
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under  water,  in  a  lube  of  one  inch  in  diameter  and  fix  inc 
tBij'itliitjsfhigh,  which  was  a]fo  filled  with  water.     A  part  of  the  a 
fobediirVhrth'"''''^''  '^^^  contained  was  (in mediately  developed,  but  I  only 
111  compound     obtained  about  two  inches    (they  bad,  however,  abforbcd 
f'U'"'"'^ "'"among  ibem  nearly  tliirly-lwo  inches).     The  reftored  air  wai 
found  to  be  compiifcd  of  carbonic  acid  gas  and  azote  gas.     In 
this  operation  a  pari  of  the  air  is  fixed  in   llie  charcoal  to  be 
embodied   with  it,  and  cannot  be  again  diHodged  but  by  em- 
ploying tire.     I  believe  ihefe  combinations  frequenlly  occur 
in  nature,  and  the  great  NewloJi  fufpeded  il. 

47th,  1  dried  the  piece*  of  charcoal  wliich  had  been  welted 

by  which  It  re-  in  the   preceding  experiment,  in  the  air ;  I  afterwards  eita- 

IraTpoiirer.""    mined  them,  by  again  healing  them  to  rednefs  in  the  fire, 

and  placing  lliem  in  (he  machine;  they  abfoibcd  the  fame 

quantity  of  air  as  before. 

No  witer  pro- _       4Slh.  1  direftcd  ail  my  attention,  as  well  after  as  daring 

MinutonoAht"'''* ''""''^  "^  ''"^  expcrimenis  on  atmofpheric  air,  io  fee  if 

■u  uniet  tia-    1  could  percelTC  any  drops  of  water  cilher  in  the  tube  or  in 

niuiioB.  the  apparalui,  but  I  did  not  rAferve  the  lead  trace  of  it) 

neither  wat  the  charcoal  moifl ;  on  the  conlrary,  its  furJaco 

was  covered  with  allies. 

Experments  to  be  made  by  JilimHing  the  Charcoal  -uUh  dijfc 
Sub^anca. 
t«p(rlmeii«  BiH  49lh.  Since,  during  the  progref!*  of  an  inveftigatian,  there 
tobcmdet  arealwaysnew  experiments  which  offer  ihemfelves,  1  per- 
ceived that  it  would  be  inlercfiing  to  make  trial  with  pieces 
of  charcoal  faturaled  with  dilferenl  faline  and  acid  fubflances, 
as  M.  M.  Rouppe  and  Van-Norden,  of  Rotterdam,  had  un- 
dertaken to  d(t,  and  to  fee  the  efftfls  they  would  produce, 
with  my  machine,  as  well  in  atmofpheric  air  as  in  the  ditler- 
cnl  gafcs:  But  my  memoir  being  of  fufficient  length  already, 
I  leave  the  care  of  thefe  enquiries  to  other  philofophcrs  ;  and 
this  the  more  willingly,  Gnce  il  appears  that  one  of  the  mofl 
aWc  chcmifts,  M.  Van  Mons,  has  engaged  in  this  fubjefi, 
which,  in  his  hands,  will  doubtlefs  receive  every  degree  irf 
perfeflion  which  can  be  defired. 

50lh.  I  (liall  only  give  the  refolt  of  four  experiments  vtWivh 
I  made  with  atmofpheric  air. 

I  falurated  pieces  of  charcoal  with  nitric  acid,  fulphuric 
acid,  folution  of  polaHi,  and  lime-water;  ihcy  nerc 


HI 


nerc  not  oi^^^l 
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until  Iheyhad  been  ihorouglil^  dcied  on  filtering-paper, 
put  them  cold   into  my  maciiine.     The  following  are  the 
rerullt : 

Ifl.  In  the  lirft  fix  hours  the  cWcoal,  faturated  with  nilrIcE'*«3tofchw. 
acid,  produced  an  abrorplion  of  four  lines  and  a  half;  after-  ^q,  ^^"^  ^ 
wards  it  gave  back  the  air,  and  even  deprelTed  the  mercury 
below  its  level. 

2J,  The  charcoal,  falurated  with  fulphuric  acid,  efltaed  "'.^ '^^'pl'"I« 
an  abforption  of  nine  line<,  which  it  preferved  uniformly  for 
twenty-four  hours. 

3d.  The  charcoal,  faluraled  with  folullon  of  polaQi,   niade"''''^<ol«'«>  «* 


and  temained  fo  for  twenty-four 


,  faturaied  ' 


I'ith  lime-water, 

half,  although  it 


.,  kep/.n 


Onatl- 
expe- 


ibUnbeat  psmt 
of  the  charcoal,'""^" 


an  abforpti 
hours, 

4tb.  Th: 
abforption  of  a  line 
liment  for  twenty-fc 

Thefe  four  experiments  prove  that  charcoal,  faturated  with  Chireoi 
different  fubltances,    lofes,  in  part,  its  power  of  abforbing ;  ^y 
probably  thefe  foluiions  by  filhug  ihc  pore 
in  fome  meafure  deprive  it  of  this  property. 

5l!\.  No  perfon  can  be  more  aware  than  I  am,  that  mjr 
enquiry  is  far  ttom  being  carried  to  that  degree  of  pcrfeSion 
whiHi  I  wilbed  :  I  hope,  neverthelef^,  that  philofopheri  will 
not  be  diOalisfied  that  I  have  prefenied  ihem  with  new  eKpe- 
rimenls,  and  have  made  ihem  acquainted  with  an  inflrumeni, 
by  means  of «  hich  they  can  appreciate  the  eflefls  of  fblar  light 
and  caloric  on  charcoal ;  an  jnllrumenl  which,  in  many  cafes, 
will  ferve  them  for  an  eudiometer,  and  which,  when  azols 
fhall  be  better  known,  will  acquire  greater  precillon.  I  hopo 
thai,  by  the  labours  of  other  philofopher^  who  may  employ 
themfelves  on  this  fubjeCi,  this  intereDing  branch  of  natural 
phJIofophy  will  be  brought  to  perfeftion,  and  an  expIanatioA 
»(  thefe  furpriltng  phenomena  be  obtained. 
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VI. 

Farther  Obfinations  on  the  Confiitutian  qf  mixed  Gofes,     In  m 

Letter  from  Mr.  John  Gough. 

lo  Mr.  NICHOLSON. 
SIR, 

An  apology  for  v^THER  philofophers,  beiidei  Mr.  *Da]ton,  have  maintained 
out  letter.  ^^^^  exiftencc  of  free  elaftic  vapour  in  the  atmofphere ;  but  as 

the  modification  given  by  this  gentleman  to  the-opinion,  is 
perhaps  the  lad  it  will  receive,  I  am  deiirous  of  trefpaffing 
once  more  on  your  pages,  in  reply  to  my  opponent,  as  weH 
as  to  (hew  the  changes  which  the  prefent  controverfy  has  pro- 
duced in  his  fy flem.  ' 
Come  objcAions     Mr.  Dalton's  lad  letter  begins  by  expoiing  my  ignorance  of 
Jj^jj^^'*      chemiftry,  and  difapproving  the  data,  by  help  of  which  air 
has  been  fliewn  to  be  a  chemical  compound.     Although  his 
fufpicions  may  be  juft  in  many  indances,  they  are  wrong  in 
this ;  for  the  fadls  dated  by  Mr.  D.  were  known  to  me  at  the 
time  of  writing  that  paper ;  and  the  reprobated  data  were 
adopted  for  the  following  reafons  : 
Specific  gravity       Mr.  Davy  found  the  weight  of  100  cubic  inches  of  oxigen- 
oi-^oxigenous      ^^^  ^^^^  ^p  jj^^  temperature  of  50^,  to  be  35.06  grains,  the 

barometer  danding  at  ^0  inches :  now  the  denfities  of  the  fame 
eladic  fluid  at  50^  and  60^,  are  in  the  ratio  of  105824.  to 
1037 44' *:  but  when  the  magnitude  is  given,  i.  e,  100  parts, 
the  weights  are  as  the  denfities ;  confequent!y  the  weight  of 
100  cubic  inches  of  oxigenous  gas  at  60^',  is  3  t.S?  grains, 
the  barometer  fianding  pt  30:  but  31  grains  being  the  weight 
of  an  equal  bulk  of  air  in  like  circumdances,  and  its  fpecific 
gravity  being  denoted  by  1000,  the  correfponding  fpecific  gra- 
vity of  oxigenous  gas  is  cxpreffed  by  the  number  1 108  ;  which 
exceeds  Mr.  Kirwan's  cxprefljon  only  by  five.  This  approx- 
imation to  an  exad  coincidence,  affords  the  drongcd  evidence 
of  the  corie6lnefs  both  of  Mr.  Kirwan  and  Mr.  Davy,  that 
can  be  expected  in  a  quellion  of  the  kind  ;  and,  as  the  former 
gentleman  made  ufe  of  the  fame  apparatus  to  determine  the 
weight  of  air  vshich  had  lod  its  oxigen  by  being  expofed  to 

*  Thomfon'i  Chcmiftry,  Vol.  I.  p.  342. 

the 
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the  martial  pafte  of  fulphur,  the  fpecific  gravity,  drawn  from 
his  experiment,  was  certainly  to  be  preferred  in  my  calcula- 
tion to  any  other.  This  refiduum  was  called  by  me  azote, 
probably  becaufe  Mr.  Kirwan  called  it  plilogiAicalcd  air  t 
bat  it  was  evidently  confidered  as  a  compound  in  the  cfllay 
alluded  to  by  Mr.  Dalton  ;  and  certainly  the  advocate  fur  a 
multiplicity  of  co-exiftent  atmofpheres  will  not  controvert  tlie 
fuppofition.  The  remaining  obje6lions  made  by  my  opponent  to 
the  paper  in  queflion,  are  levelled  at  my  ignorance,  not  at 
my  conclufions ;  they  (hall  therefore  be  paffed  over  in  filence. 
In  the  mean  time,  Mr.  D.  perhaps  will  not  take  it  amif:t  if  I 
requeft  him  to  repeat  his  calculations  with  the  fpecific  gravity 
of  oxigenous  gas  when  properly  corre6ted,  and  to  try  what 
will  be  the  variation  of  the  eudiometer,  either  on  the  data  of 
Mr.  Davy  or  M.  Lavoifier. 

Permit  me,  Mr.  Nicholfoni  to  conclude  this  part  of  myAncwinftrn^ 
fubjedk  by  obferving,  that  an  inftrument  of  great  ufc  in  P"^u- mcnded*^°°** 
matics  might  be  conflrufted  on  the  principles  of  your  hydro- 
ilatic  weighing  machine.  The  body  of  it  fliould  be  of  glafs, 
furniflied  with  proper  floppies  and  ftop-cocks,  fo  that  it  might 
be  eafily  exhauHed  and  replenidied.  The  preceding  is  but  an 
imperfe£l  (ketch  of  an  inftrument,  the  mechanifm  of  which  I 
refign  to  your  pen  and  pencil,  (liould  the  idea  appear  worth 
purfuing. 

Mr.  Dalton's  (Iridures  on  my  laft  letter  afcribe  to  me  very  A mifrepreie^r 
iingular  opinions;  but  he  negle6ls  to  point  out  the  paragraph ^yV^*^ ^**"* 
where  the  grounds  of  this  charge  maybe  found;  a  charge 
which  infinuates,  that,  according  to  my  notions  of  things,  a 
veiTel  containing  a  cubic  foot  of  one  gas  cannot  receive  an  . 
equal  bulk  of  a  different  kind :  Here  indeed  he  accufes  me 
of  grofs  ignorance  ;  for  there  are  but  few  who  do  not  know 
that  fermenting  liquors  increafe  the  denfily  of  tlie  gafes,  whicli 
occupy  part  of  the  clofe  vellels  containing  them*     In  reality, 
the  chnrge  is  fo  perfectly  groundlefs,  thut,  had  it  been  made 
by  almoft  any  other  perfon,  I  would  not  have  hefitatcd  to  have 
ppoAounced  my  accufer  guilty  of  mifreprefentation  to  conceal 
his  w»nt  of  argument,  and  to  fecure  the  prejudices  of  th.e 
fuperficial  reader  in  his  own  favour.     He  may  court  the  ad- 
miration of  fuch ;  I  do  not  dedre  their  applaufes, 

Mr*  Dalton  fpeaks  with  confidence  of  what  he  calls  his  im-  Mr.D.'i  impgiw 
portaut  argument,  *.  e,  his  alTcrtion,  tliat  equal  quantities  <^f  n<I*i4'u"ttat'L 

vapour  «u. 


vapour  cDler  a  vacuum  and  an  equal  fpace  previoufiy  O 
pied  by  a  gas.  Nu  one  would  tefufe  its  due  important 
this  argument,  afier  leelng  or  perufing  a  falisfadory  demon- 
ftralioni  but  I  know  of  no  fuch  thing  In  Mr.  Dallon's  eiTays. 
He  alTertt,  indeed,  that  a  quantity  ol  dry  air,  confined  iu  k 
lube,  receives  an  Bugmenlation  cf  force  from  the  prefeiice  of 
fvater,  equal  to  that  which  it  produced  by  the  fame  caufe  in 
the  exhaullcd  tube.  But  this  is  no  demonflraiion,  unlefs  the 
poroliiy  of  air  be  tirll  admitted  ;  for,  without  tbis  concedion* 
Mr.  D.  has  no  right  to  eflimale  the  quantity  of  vapour  prefent 
by  the  fpring  of  it;  this  ought  lo  be  determined  by  weighl 
only.  But  when  did  Mr.  D,  weigh  an  eshaufied  velTel,  and 
nfterwards  take  its  weight  when  filled  with  vapour?  When 
has  he  repeated  the  fame  experiment  upon  the  fame  velTel 
containing  dry  and  moifl  air,  and  found  the  rcfult  favourable 
to  his  hypolhefis  P  Negative  anfwers  to  Ihefe  (jueflioni  mull 
convince  an  impartial  judge,  that  llic  porofity  of  the  arr  hat 
been  again  artfully  introduced  lo  eJlablilh  its  own  exigence: 
thus  we  jind  the  fundamental  datum  of  the  fyflem  to  be  de. 
moiiRrated  by  arguing  in  a  circle,  which  begins  andendi  with 
the  thing  lo  be  proved. 

On  the  other  hand,  Mr.  D.  is  convinced  that  the  admiffion 
of  vapour  into  an  open  bollle  expels  part  of  ihe  air.  This  is  a 
proof  that  Aeam,  fuppoCng  ils  exiflent-e  tn  the  almofphere, 
finds  a  fpace  crowded  w  ith  gafes  lefs  convenient  than  a  va- 
cuum ;  tt,  therefore,  makes  room  for  ilfelf,  by  diminidiing 
(he  denfities  of  ihefe  gafes,  and  creates  in  ihem  Mr.  Dallon'i 
capacity  for  the  reception  of  water.  This  lafl  being  eftablJOi- 
cd,  it  will  alfo  be  evident,  thai,  when  vapour  is  forced  into 
a  gas  conhned  in  a  clofe  veOel,  the  former  cannot  make  itt 
way  through  the  latter,  otherwife  ihan  by  condenling  it :  Such 
ii  the  nature  of  the  pores  of  the  air,  according  lo  Mr.  D.'i 
own  principles.  The  almofphere  is  alfo  found  to  oppofe  a 
fimilar  refiflance  lo  newly  developed  gafes  j  for  the  gafeoui 
compound  contained  in  an  open  velTel  filled  in  part  with  a 
fermenting  liquor,  is  not  a  column  of  the  almofphere  perme- 
ated by  an  additional  body  of  the  carbonic  acid,  but  a  mixture, 
in  which  the  proportion  of  common  air  is  comparatively  fmall, 
Tliis  fafl  overturns  Mr.  D.'s  general  conclulion,  that  atmor 
fpheret  may  be  added  to  Ihe  compound  almofphere  at  plea- 
fur^ 
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litre,  or  taken  from  it,  wilhout  ils  diflurbing  the  dcnfilie! 
and  fituations  of  tlie  retnalning  atmofphcres*. 

The  free  palTage  of  gales  Ihiougli  each  other  was  once  Ihe  Clungt:  in  Mr. 
fjndamenlal  maxim  of  my  opponenl  j  at  which  time  he  main-  '  "P"""'"' 
latned,  Iliat  the  varialiuiis  in  tlic  weight  of  th<  atraofpheric 
compound  arife  from  ilie  changeable  nature  of  the  aqaeODi 
atmofphere,  not  from  llie  permanent  gafesf.  This  dogma  is 
efTenlial  to  the  fyftcm  ;  it  has,  huwever,  been  abandoned  by 
its  author  hirafelf;  for  Mr.  D,  when  attempting  to  explain 
(he  obfervBlion  of  Mr.  Kirwan,  is  obliged  to  admit  the  per- 
manent gafes  to  be  more  abundant  in  dry  than  in  moift  airj 
that  is,  the  denfilies  and  portions  of  thefe  gafei  depend  upon 
the  ftale  of  Ihn  contained  vapour,  contrary  to  the  hypothefia. 
This  departure  from  the  primitive  maxim  is  avowed  openly 
in  Mr.  D.'s  explanation  of  the  experiment  with  the  moift 
bottle.  Here  he  is  compelled  to  cunfefs,  that  fleam,  at  low 
temperatures,  dillends  the  pores  of  air;  and  endeavours  to 
preferve  ihe  exiilerice  of  his  aqueous  atmofphere  by  fomething, 
which  looki  like  a  demonflration  from  the  final  Q.  F,.  D. : 
but  it  ought  in  be  remembered,  that  the  particles  of  a  fiuid 
prefs  equally  in  all  directions ;  coiifeqnently,  that  the  cor> 
pufcles  of  air  ivould  i&  with  their  full  force  on  the  conliguoui 
corpufclcs  of  his  fuppofed  vapour. 

Perhaps  Mr.  D.  will  perceive,  by  this  time,  that  logical 
pr»:ilion  has  placed  him  m  ihe  circumltances  of  certain  phi- 
lofophers  mentioned  in  his  third  cITay,  who  are  unable  to  de. 
fend  their  opinions,  Jn  fafl,  Mr.  D.'s  hjpothefis  is  repug- 
nant to  natural  appearances  in  its  primitive  form;  for,  ac. 
cording  to  it,  a  lltuwer  of  rain  is  a  prodigy  ;  feeing  the  dropt 
mull  difplace  equal  bulks  of  air,  and  this  removal  mull  be 
brought  about  by  the  inadequate  weight  of  a  column  of  va- 
pour which  has  loll  part  of  its  fpring, 

JOHN    GOUGH. 
Middhjfufw.  December  13,   1804-. 

P.  S.  Since  Ihe  publication  of  my  paper  on  vegetalioDi  I 
have  found,  by  Dr.  Thumfon's  Chemiftry,  that  M.  Ingen- 
bouz  had  formerly  made  the  fame  difco very.    In  179S,  1  read 

•  Manchefter  Memoirs,  Vol.  V.  p.  iA6. 
•f'  Manchefter  Memeirt,  Vol.  V.  y.  547. 
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hiitrark.  te*  Im  V^eUmx.  printed  at: iParii;  1789;  faat,«H 
doabtedly  thit  fedibii  had  by  fome  meanf  been  overlooked* 
All  thai  I  have  toxlo  at  prefent^  by,way  of  reparation,  is  to 
*  thank  Dr.  Thomfon  for  bit  information,'  and  to  dedare  tlwt 
^  paper  of  no  value ;  which  in  all  probability  will  prove  a  faU 
ficient  apology  to  M.  Ingenhouz. 


VIL 

Om  two  Metabf  /band  ta  the  Mscir  Powder  remaining  qfter  tie 
SdutiomqfPlatina.  JS^Smithion  Tew avt,  ^fq.  F.R.S, 
From  tke  Philofophical  Tran/adionM  for  1804. 

latrodBgion,  \J  PON  making  feme  experiments,  laft  fummer,  on  the  Mack 
t»  tbecspoi^  powder  which  remains  after  the  folution  of  platioa,  I  obferved 
fBcaisinadeby  that  ic  did  not,  as  was  generally  believed,  confift  chiefly  of 
f^'^^^^f  plumbago,  but  contained  fome  unknown  metallic  ingredients. 

Intending  to  repeat  my  experiments  with  more  attention  daring 
the  winter,  I  mentioned  the  refult  of  them  to  Sir  Jofeph  Bonks, 
together  with,  my  intention  of  communicating  to  the  Royal 
Society,  my  examination  of  this  fubftance,  as  foon  as  it  fiiould 
appear  in  any  degree  fatisfadory.  Two  memoirs  were  after- 
wards publifhed  in  Franco,  on  the  fame  fubjed ;  one  of  them 
by  M.  Defcotils,  and  the  others  by  MeflVs.  Vauquelin  and 
Fourcrdy.  -  M.  Defcotils  chiefly  dirc6ls  his  attention  to  the 
efiedls.  produced  by  this  fubdance  on  the  folutions  of  platina. 
He  remarks,  that  a  fmall  portion  of  it  is  always  taken  up  by 
nitro-rouriatic  acid,  during  its  action  on  platina ;  and,  prin-^ 
cipaily  from  the  obfer  vat  ions  he  is  thence  enabled  to  make,  he 
infers^  that  it  contains  a  new  metal,  which,  among  other  pro- 
perties, has  that  of  giving  a  deep  red  colour  to  the  precipitates 
of  platina. 
fad  by  Vauque-  *  M."  Vauquelin  attempted  a  more  direcl  anal)fis  of  the  fub» 
""•  (lance,  and  obtained  from  it  the  fame  metal  as  that  difcovered 

by  M.  Defcotils.  But  neither  of  tJiefc  chemifts  have  obferved, 
that  it  contains  alfo  another  metal,  difTerent  from  any  hitherto 
Icnown. 
Subftancc  oto-  '  The  fubflance  vihh  which  my  experiments  were  made,  was 
fP^qilof^S^,®^^**"^^  ^^°""  platina  wWch  iiad  been  pre vio oily  freed  from 
Jhe  fand  and  other  impurities  generally  mixed  with  it ;  fo  ^at 

it 
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k  miifl  have  been  containecl*  in  the  fubftance  of  ihe  grains  of 
plalina.     Though  it  has  fomewhat  Ihe  appearance  of  plum-  refemWing 
bago,  it  may  eafily  be  diftinguiQied  by  its  fuperior  weight,  h^^jerf"*   "^ 
By  weighing  it  in  a  phial  with  water^  I  found  its  fpccific  gra* 
vity  almoft  J  0.7. 

Before  I  defcribe  the  method  of  feparatinflr  the  two  metals  of '^^"^"""^'ith 
which  itconfiftSf  it  may  be  worth  while  to  mention  the  effects  fn,ji|  portion 
of  it,  when  combined  with  diflerent  metals  in  its  entire  ftale.  lendenlcad. 
It  readily  unites  wilh  lead  ;  but,  even  with  ten  times  its  own  j„^  ^^^  *diffi-* 
weight,  the  compound  has  not,  when  melted,  much  fluidity,  cultly  fufible 
Upon  diffolving  the  lead  in  nitrous  acid,  the  black  powder  was 
obtained,  with  little  apparent  alteration,  not  having  been  en- 
tirely broken  down,  but  conli fling  chiefly  of  the  fame  fcaly 
particles  as  at  tirfl.     With  bifmuth,  zinc,  and  tin,  the  efllidls 
were  nearly  fimilar;  but,  by   tufion   with  copper  in  a  very 
flrong  heat,  a  more  perfedl  union  was  produced.     On  at« 
tempting  to   diHTolve   the  compound  by  nitro-muriatic  acid, 

me  of  tiie  powder  was  taken  up  wilh  the  copper,  forming  with  copperi 
a  very  dark  folution. 

The  uiidiflblvod  portion  confiftcd  partly  of  the  fubflance  in 
its  original  lorni  of  fcalos,  and  partly  of  a  blacker  powder,  the 
particlo  of  which  were  too  fhjall  to  be  vifible,  and  which  had 
probably  bet^n  completely  combined  wilh  the  copper.  This  filver or  gold { 
fubfcance  may  be  eafily  united,  by  fufion,  wilh  lllver  or  gold  ;  '"'^ '*!*■'•"»  ^f 
and  it  is  partjcuiarly  defcrving  of  attention,  that  it  cannot  be 
feparated  from  ihefe  metals,  by  the  ulual  procefs  of  refining. 
It  remains  combined  with  either  of  them,  after  cupellation  with 
lead ;  and  with  the  gold,  after  quartation  with  filver.  The 
alloys  retain  confiderable  duclility  ;  and  the  colour  of  that  with 
gold,  is  not  materially  difi'erent  from  pure  gold. 

I   ihall  now   pi  ocecd  to  defcribe  the  anaiyfis  of  the  black  Analyfis  of  die 

powder,  and  the  properties  of  tlie  two  metals  which  enter  into    ?fH  P®^?^5 
.  •        t      r       c  which  confifti  of 

its  compolltion.     The  method  which  I   uled  for  diffolving  it,  two  metals. 

was  fimilar  to  that  employed  by  M.  Vauquelin,  (he  alternate 

a6lion  of  cauftic  alkali,  and  of  an  acid.    I  put  a  quantity  of  the  Fufion  with 

powder  into  a  crucible  of  filver,  wilh  a  large  proportion  of 

pure  dry  foda,  and  kept  it  in  a  red  heat  for  fome  time.     The  Solution  in  wa- 

alkali  bcine  then  diffolved   in  water,  had  acquired  a  dcepj*'^*.**'^?®''*'**'* 

.  .  leaving  a  poir- 

orange,  or  brownifli -yellow  colour,  but  much  of  the  powder der| 

remained  undifTolved.     This  powder,  digeited  in  marine  acid,  which  was  partly 
jcavc  a  dark  blue  folution,   which  afterwards  became  of  a**.'^?'^«d.jn  ma. 

*  '  ,    ^      riaticacid, 

dufky 


from 

3J 


^  ON    TWO    MBTALS,    FOUND    IK    THK    roWDKK 

duflty  olive-green,  and  finally,  by  continuing  the  heat,  of  k 
Fulion,  &e.  re-  deep  red  colour.  Pari  of  tlie  powder  being  yet  undjflblved 
undTiTuWed  ie£- '*-*  'he  roarine  acid,  was  healed  as  before  with  allcali ;  and, 
i^e.  by  the  alteniale  aflion  of  tlie  alliali  and  acid,  the  whole  ap- 

Silcii.  peared  capable   of  folulion.     At  each  operation.  Tome  fllcx 

wu  taken  up  by  iht;  alkali  ;  and,  m  tliis  continued  Itll  the  me- 
tallic part  wai  entirely  diflulvud,  it  fecms  to  liavc  been  chemi- 
cally con:bined  with  it. 
TlK  Jk.  fola.  The  alkaline  folution  contains  the  oxrde  of  a  volatile  meUl, 
oiiik which  it-  "*''  J^'  "oticed,  but  which  I  fliall  prefently  delcribe,  and  alfu 
pma  byiE*  a  fmall  proportion  of  the  other  nictal.  If  this  folulion  is  kept 
f"^  for  fome  weeks,  the  latter  metal  feparates  fpontaneoufly  from 

it,  in  the  form  of  very  thin  flake*,  of  a  dark  colour, 
Tbeadilbl.  The  acid   folulion  alfo  contains  both  the  metali, 

(oniuni  ibe       cipallv  that  which  has  been  mentioned  by  the  French 
priiicipifly  ihii  oiiRa.     The  properties  of  this  lafl  melali  which  they  hsv» 
ixjinioti  by       remarked,  are  ihofe  of  giving  a  red  coluur  to  the  triple  fait  of 
platina  with  fal-ammontac,  o(  not  being  altered  by  muriate  of 

Ptin,  and  of  giving,  wiih  pure  alkali,  a  dark  brown  precipitate. 
M-  Vauquelin  alfu  adds,  that  it  is  prccipitaled  by  galln,  and 
by  prufliate  of  potaib  ;  but  I  (Imuld  rather  afcribe  tleie  preci- 
pitates to  fome  impurity,  and  probably  to  iron. 
The  nine  Iri-  As  it  is  necelTary  to  give  fome  name  to  bodies  which  hive 
Ih™  *'ul  «"•-  ""^  "^^  known  before,  and  moft  convenient  to  indicate  by  it 
mined  hj  Vau-  feme  chara^eriflic  properly,  I  (liould  incline  to  call  this  metal 
qudin.  Iridium,  from  the  flriking  variety  of  colours  which  it  gives, 

while  dilToIving  in  marine  acid. 

In  order  to  obtain  the  compound  of  this  metal  with  marine 

acid  in  a  pure  flaic,  I  tried  lo  make  it  cryllallize. 

Cr>ft>lioflt»  By  low  evaporaliun  of  ihe  folulion,  only  an  imperfeflly 

mucHc  cryflallized  raals   was   produced;    but   this,    being  dried   on 

blotting-paper,  and  dillbived  in  water,  afforded,  by  again  eva. 

iilTotvri'ia         poraling  as  belore,  diiiincl  oflacdral  ciyflals.     Thele  cry  Halt 

**'*'•  dilfolved  in  water,  gave  a  deep  red  coloured  folulion,  inclining 

^^k  to  orange.      With  an  infution   of  galls   no  precipitate  wai 

^H  foimed,    but  the  colour  was  inflantly,  and   almoft  inlirely, 

^E  taken  away.     Muriate  of  tin>  carbonate  of  fuda,  and  ptulliate 

IMp.  V  *""*  ^^  potalb,  produced  nearly  Ihe  fame  etfefl.     Pure  ammonia 

lU  »ad  mettll.     precipitates  the  o«ide  ;   but  {poffibly  from  adding  it  in  exceft) 

1  bund  it  retained  a  part  in  folution,  acquiring  a  purple  colour. 

The  pure  fixed  alkalis  alfo  precipitate  the  greater  part  of  the 

4  osidi" 
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■led,  1 


axide,  but  ire  capable  of  retaining  a  part  in  folalion,  be- 

coming  of  a   yellow  colour.     All   llic   meuls  which  1   I 

excepting  gold  and  platina,  produced  a  diiik  or  black  pre- 

cipitaie  from  the  muriatcd  foluliun,  which  h  al  the  fame  time 

deprived    of  its   colour.      The  iridium   maybe  obtained  in  a  The  metiliiidi. 

pure  ilale,  merely  by  expofing  the  odaedrai  cryflals  lo  heal,  y™  ■'  "hiK, 

which  expels  the  oxigen  and  ihe  muriatic  acid,     ll  appeared  „j,ai  futphiu 

of  a  wbittt  colour,  and  was  nut  capable  of  being  melted,  by  >■><  urEaic. 

■ny  degree  of  heal  I  could  apply,     i  could  not  combine  it 

wilh  fulphur,  nor  wiili  arfenic.     Lead  calily  unilei  wtih  ii ;  iti  hibitado 

1  feparaled  by  cupellation.  leaving  Ihe  iridium  upon  ihe  ™''>  ■'"  b*'^ 


cupd,  at  a  coailt:  black  powder.     Copper  for 

malleable  alloy,   which,  after  cupellation 
lead,  left  a  I'mall  proportion  ol  the  irid 
than  in  the  former  cafe.     Silver  may  be 
the  compound  remains  perieAIy  malleable. 
not   feparated   from   it  by  cupellalion,   bul  t 


with  it  a  very 
c  addition  of 
1 1  much  left 
wiih  it,  and 

'afiuiit^d  on  the 


litcd 


furface  a  dark  or  larnilhed  hue.     It  appeared  not  lo  be  p 
feflly  combiued   wilh  tlie   filver,  but   merely  diffiifed  through 


The 


the  fubflance  of  il,  in  ihe  11 
alloyed  with  iridium  is  not  fr> 
by  quarlalion  with  fill 
and  did  not  diOer  much  in  c< 
the  proportion  of  alloy  was  vi 
at  filver  is  dilfolved,  the  iridi 
black  powder. 

The  yellow  alkaline  folutioi 
tioned  a<  containing  a  melallic  c 
i«  confidered  by  M,  Vauqueli 
chrome 
prefei 


iif  a   fine   p( 
(rum  it  bj 


Gold 
Is  I  ion,  nor 

malleable  ; 
rom  pure  gold,  though 
iGderablc.  If  Ike  gold 
left,  in  llie  form  of  a 


which  1  have  already  men- The  ilkil 
ide,  diftinfl  (rom  the  former,  '"'".'i^i'^: 
s  a  folulion  of  the  oxide  of 
but  1  could  not,  by  any  (efl,  diliover   the 
of  chrome.     After  the  fuperftuous  alkali  had  been 


ralized  by  an  acid,  it  produced  a  pale  or  buff-coloured 
precipitate  with  a  Colulion  of  lead,  and  not  the  bright  yellow 
which  is  given  by  chrome.  Bul,  as  we  are  indebted  to  ihe 
above  diftinguiflied  chemill,  among  many  other  important 
difcoveries,  for  our  knowledge  of  ihe  exilience  of  chrome,  it 
it  not  improbable  that  funic  kinds  of  piaiina  may  conlain  that 


fublfance,    befidcs   Ihe 

When  Ihe  alkaline  foluli 
to  the  dry  alkali 


>iher  bodies  ufually   i 

fiift  formed,  by  adding  water  it  co 
a  pungent  and  pe-*"'" 


I  fmell  il  immediately  perceived.     This  fmell,  ai  1  after 


8S 


tspelUUe  from 
the  alkali  by  an 


or  obtuned  by 
dmilUng  the 
black  powder 
with  nitre. 


Procefs  de- 
fcribcd* 


Moft  ftriking 
chvader  of  fo- 
lution  of  ofinl- 
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wtLvdi  difcoveredy  arifes  from  the  extrication  of  a  very  volatile 
metallic  oxide ;  and*  as  this  fmell  is  one  of  its  moft  diAin- 
guifliing  charaders,  I  fliouid  on  that  account  incline  to  call 
the  metal  O/mium, 

This  oxide  may  be  expelled  from  the  alkali  by  any  acid,  and 
obtained  in  folulion  with  water  by  didillation.  The  fulphuric 
acid»  being  the  lead  volatile,  is  the  mo  A  proper  for  this  pur* 
pofe  ;  but  as,  even  of  this  acid,  a  httle  is  liable  to  pafs  over, 
a  fecond  flow  diflillation  is  required,  to  obtain  the  oxide  per« 
fedlly  free  from  it.  The  folution  thus  procured  is  without 
colour,  has  a  fweetiOi  talle,  and  the  flrong  fmell  before  men- 
tioned. Paper  ilained  bl-je  with  violets,  was  not  changed 
by  it  to  red ;  biit,  by  being  expofed  to  the  vapour  of  it  in  a 
phial,  the  paper  loft'much  of  its  blue  colour,  and  inclined  to 
gray.  As  a  certain  quantity  of  this  oxide  is  extricated  during 
the  folution  of  the  iridium  in  marine  acidy  that  port  may  alfo 
be  obtained  by  ditlillation. 

Another  mode  by  which  the  oxide  of  ofinium  may  be  ob- 
tained in  fmalJ  quantity,  but  in  a  more  concentrated  ilate,  is, 
by  didilling  with  nitre  the  original  black  powder  procured 
from  platina. 

With  a  degree  of  heat  hardly  red,  there  fublimes  into  tbo 
neck,  of  the  retort,  a  fluid  apparently  oily,  but  which,  on 
cooling,  concretes  into  a  folic),  colourleis,  feniitranfparent 
mafs.  This,  being  diflblved  in  water,  forms  a  folution  (iroilar 
to  that  before  defcribed.  The  oxide,  in  this  concentrated 
flate,  flains  the  Ikin  of  a  dark  colour,  whic  h  cannot  be  eflfaced. 
The  moft  flriking  teft  of  the  oxide  of  ofmium,  is  an  infufion 
of  galls,  which  prefently  produces  a  purple  colour,  becoming 
foon  after  of  a  deep  vivid  blue.  By  this  means,  the  prcfence 
of  this,  and  of  the  metal  firfl  defcribed,  may  be  obfcrved, 
when  the  two  are  mixed  together.  The  folution  of  iridium 
is  not  apparently  altered  by  being  mixed  with  the  oxide  of 
ofmium  ;  but,  on  adding  an  infufion  of  galls,  the  red  colour 
of  the  lirfl  is  inflanliY  taken  away,  and  fo(m  after  the  purple 
and  blue  colour  of  the  latter  appears.  The  folution  of  the 
oxide  of  ofmium  with  pure  ammonia,  becomes  fomewhat 
yellow,  and  flightly  fo  with  carbonate  of  foda.  It  is  not 
affected  by  pure  magncfia,  nor  by  chalk;  but  with  lime  a 
folution  is  formed,  of  a  bright  yellow, colour.  The  folulion 
with  lime  gives  with  galls  a   deep  red  precipitate,   which 

becomes 
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becomes  blue  by  afcids.  It  produces  no  efie6t  on  a  folution 
of  platina  or  gold;  but  precipitales  lead  of  a  yellowiib* 
brown,  mercury  of  a  white,  and  muriate  of  tin  of  a  brown 
colour. 

The  oxide  of  ofmium   becomes  of  a  dark  colour  with— akohol{ 
alcohol,  and  after  fome  time,  ieparatcs  in  the  form  of  black 
films  leaving  the  alcohol  without  colour.     The  fame  cffcfl  is 
produced  by  ether,  and  much  more  quickly. 

This  oxide  appears  to  part  with  its  oxygen  to  all  the  metals,  — >  the  metals* 
excepting  gold  and  platina.  Silver  being  kept  in  a  folution 
of  it  for  fome  time  acquires  a  black  colour;  but  does  not 
entirely  deprive  it  of  fmcll.  Copper,  tin,  zinc,  and  phof- 
phorus,  quickly  produce  a  black  or  gray  powder,  and  de- 
prive the  folution  of  all  fmcll,  and  of  the  power  of  turning 
galls  of  a  blue  colour.  This  black  powder,  which  conlifls 
of  the  ofmium  in  a  metallic  Hate  and  the  oxide  of  the  metal  , 

employed  to  precipitate  it,  may  be  dilTolved  in  nitro-mu- 
riatic  acid,  and  then  becomes  blue  with  infulion  of  galls. 

If  the    pure    oxide,  of    ofmium,   difTulvcd    in    water,    is  Amalgim  i^dl 
(baken  with  mercury,  it  very  foon  lofes  its  fmell ;  and  Ihe"*"^"'^* 
inetal^  combining  with  the  mercury,  forms  a  perfect  amal- 
gam. 

Much  of  the  mercury  may  be  feparated  by  fqueezing  it  Pure  ofinlom 

through   leather,    whicii   retains    the  amalgam   of  a   firmer  J? ^u^  ***^^'*"* 
,  ...  O"  the  mercury, 

confiftence.     The  remaining  mercury  being  diftilled  off,  a 

powder  is  left,  of  a  dark  gray  or  blue  colour,  which  is  thc^twgn»y>  and 

ofmium  in  its  pure  ftate.     By  expoiing  it  to  heat  with  accefs  "^i^jj"^   uLSk^ 

of  air,  it  evaporates,  with  the  ufual  fmell;  but,  if  the  oxi-oxided. 

dation  is  carefully  prevented,  it  does  not  feem  in  any  degree 

volatile.     Being  fui-je6led  to  a  ilrong  white  heat,  in  a  cavity 

made  in  a  piece  ot  charcoal,  it  was  not  melted,  nor  did  it 

undergo  any  apparent  alteration.     Heated  in  a  fimilar  fitua-AUoyt* 

tion  with  copper  and  wiPh  gold,  it  melted  with  each  of  Ihefe 

metals,  forming  alloys  which  were  quite  malleable.     Thefe 

compounds  were  eafily  diflblved  in  iiiiro-muriatic  acid,  and, 

by  diflillation,  afforded  the  oxide  of  ofmium  with  the  ufual 

properties. 

The  pure  metal  which  has  been  previoufly  heated,  does  not  Pwe  ofinJum 

feem  to  be  adted  on  by  acids ;  at  lead  I  could  not  Perceive  J^^jf!*"^**^^  ^^ 

any  efFeiSt  produced  by  boiling  it  for  fome  time  with  nitro- with!dkali. 

muriatic  acid.    By  healing  it  in  a  filver  cup  with  pauflic 

alkali. 


alkali,  il  immediately  combined  wKh  the  alkali,  and,  wilh 
water,  gave  a  ydiow  Tolulion,  timilar  to  that  from  which 

I  it  wa«  procured.     Acida  expel  from  this  folulion  the  oxide 

of  ofmium,    wliich   has  the  ufual  fitiell.  and  the  power  of 
I  giving  to  inruljon  of  galls  the  blue  colour  before  mentioned, 

1 
Retnarki   upon  ctrtain   Obfervutioru  cf  Mr,   WiiKiK>U|^| 
rejpctiii^  Gatnurtijin,     By  Ka.  Thickneesk,  Efq.       ^H 

To  Mr.  NICHOLSON.  ■ 

SIR,  Wigan,  Dec.  17,  ISOfcfl 

nLtp^^.tlMit.  — _         I      BTTT-     _^ 1.  _     _r     Hr_       ITT'll    -  ./■_..       J        l-t_TI___.^__ll 1 " 


Olftr«tmn. «-  J/hE  remarks  of  Mr.  Wilkinfon  [which  I  have  not  had  _.. 
J^K^*^^  earlier  opportunity  of  altending  lo)  on  my  letter  of  ibe  2O1I1 
September,  on  galvanifm,  are  in  general  founded  only  on  mif- 
conceplion  1  the  confequence,  probably,  of  a  haHy  perufal 
in  a  public  room.  Ha  aUributet  lo  me  an  alTertion,  "  that 
two  metaU  are  rKquifite  to  Ihe  produftion  of  galvanic  pheno- 
mena ;"  bat  my  words  are,  and  particularly  marked  by  italici, 
"  two  metals,  or  other  Jai'fianca ;"  and  were  intended  (O 
fignify  Itvo  melals,  or  two  other  fubfiances;  or  one  metal 
and  one  other  fubOance  ;  and  to  include  even  that  which  may 
be  dilToIved  in  Ihe  water.  The  expariment,  therefore,  of 
La  Grave,  with  brain  and  mufcle.  which  Mr.  W.  adduces, 
in  not  an  exception ;  and  "  that  a  fingle  metal  foffices' 
^^  fedlv  will)  pure  water  only,  he  did  not,  I  lancy,  vrifli  to 

^^V  underfiood. 

^^1  That  copper  and  the  other  negative  metals 

^^B  prefled,  "  afled  upon  by  the  hidrogen,"  I  mufl  refer  (o  Mr. 

^^B  W.  for  authority,  to  pages  177  and  178  of  your  Journal ;  and 

^^1  that  particularly  filver   (mj  words  are  copper,  or  filver)  i> 

^^M  rendered  more  brittle,  to  page  85  :  but  there  cannol,  furely, 

^^B  be  Qronger  evidence  that  copper  has  an  affinity  for  hidrogen, 

^^H  and  confequenlly  an  intluence  in  the  decompofiiion  ot  Ihe 

^^  water,  than  is  afforded  by  the  experiment!!  in  which  hidrogen 

gai  is  obtained  from  the  copper  of  the  pile,  and  o\igeii  ga! 

from  the  oxidated  zinc  ;  part  of  the  hidrogen,  and  of  the  ox- 

igen,  being  prevented  from  uniting  with,  and  borne  awaj 

fiom  the  metals  by  the  eledricity. 


Mr.  W.  impate^  to 
ferced  ihat  the  renrali 


addin 


Ihal 


me  alfo  the  miChki 
[perimcnts 


ob-  OUcrritiDiu  m 


of  k. 
lo  ihe  furface  afted^f^^^  ^ 
lie  French  philofo- 
fm   on  animal  fub- 


phcrs  proved,  lliat  the  afli 
/)ance»  it  in  Ihe  ratio  of  the  number  oF  plale;  employed,  and 
not  llie  furracei  eMpofed."  Thi«  is  another  inftance  ot  Iho 
inaccuracy  of  Mr.  W.'t  obTervalions ;  lor  renfalion  I  never 
mentioned ;  nor  action  on  &iiimal  liibflances  ;  not  at  all  confi- 
dering  Ihe  inlenljty,  but  the  quantity  only  of  ihe  eteflric  fluid 
produced;  which  may  not  always  correfponit  j  for  the  charge 
of  fmall  plate"!  being  weak,  although  according  lo  llieir  fur- 
laces,  the  eleflricily  meets  with  almnfl  infurmounlable  ob« 
flnictions  from  ihe  interflice?  of  the  pile  j  which  lo  a  firongcr 
charge,  from  larger  plalei,  are  very  trifling  impediment'! 
but  Mr.  W.  thinks,  himfelf,  thai  "  the  produflion  of  galva- 
nic phenomena  is  always  proportionate  to  the  degree  of  oxi- 
dalion;"  and  mufl  not  the  quantity  of  metal  oxidated  bs  in 
proportion  to  the  furface  expofed  lo  the  water  ?  The  French 
philofopheri,  too,  have  "  concluded  (I  quote  Mr.  W.'s  own 
words  from  p.  207  of  your  lali  volume)  that  the  effeQs  of  m 
galvanic  battery  un  metallic  fubHance^,  are  in  proportion  (o 
the  furfaces  of  the  plates  employed  ;**  Muil  we  not  then  fuf- 
ped  the  experiments  to  have  been  Imperfefl  which  led  them 
to  conclude,  if  they  have  fo  concluded,  that  Ihe  effeSi  on 
animal  fubllances  are  dilTercnl  { 

Whether  I  "  fcl  out  loo  hypothelically  as  to  ele£lricitf 
bemg  a  mndificBlion  nf  caloric,"  is  a  queilron  on  which  many 
of  Ihe  mod  celebraied  men  of  fcience  would  difler  from'  Mr. 
W,  ID  opinion,  "  Fan  invenit  utrague  Caujfiiii  ye(  it  appeart 
lo  me,  that  the  experimeni  noticed  by  a  Comjpondent,  p.  173, 
almofl  determines  it :  "  If  the  gat  which  is  produced  from  one 
of  the  wirei  communicating  with  the  pile  in  ihe  water,  be 
united  and  inflamed  with  the  other  in  a  ju(]  proportion,  the 
water  which  is  comiDun  lo  both  ii  reproduced,  and  common 
fire  in  great  abundance."  Thus  Ihe  ekaric  fluid,  which  alone 
conveys  the  oxigen  and  liidrogm  from  the  water,  aflually  be- 
comes,  when  differenlly  modified  by  combuflion,  for  ihere 
ii  "  no  evidence  of  the  prefcnce  of  lire  until  this  point  of 
lime,"  aflive  caloric. 

But  fuppofing,  with  Mr.  W.  that  the  elearic  matter  and 
niocic  ate  perfc^ly  diltinfl  bodiei,  we  have  flill  the  fame 
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qiibn^SmiM  ie^mfon  to  condode  ihnt  the  former  it  oomfaiaed  wilb  wit^, 
4^^f  p^  Which  we  hmve  to  believe  that  k  is  contained  in  metalar 
What  then  becoinet  of  it  when  the  water  it  decompo(ed«  if^ 
at  he  imagines,  the  eledric,  or  '*  galvanic  phenomenat  en* 
tirdy  depend  upon  the  metal  nndergotng  a  chemical  change/' 
I  muft  confefs  I  cannot  conjedure :  but,  in  .truth,  it  it  en« 
tirely  the  caufe  of  ali  the  phenomena  which  take  place :  the 
quantity  afforded  by  the  metal,  fp  very  rmall  a  portioii  of 
which  undergoes  any  chemical  change,  mait  be  too  trifling  to 
be  confidered ;  for  if  any  more  than  the  oxidated  part  of  the 
metal  contributed,  the  quantity  of  the  metal  in  the  plates,  at 
well  as  the  extent  of  its  furface,  would  in  fome  degree  bavm 
an  effed :  but  this,  as  I  alledged,  is  not  the  cafe ;  and,  there- 
.  fore,  Mr.  W/s  fanciful  conjedure,  that  there  is  as  it  were  a 
ipring  of  elefific  fluid  in  the  metal,  as  a  refource  for .  a  fup* 
ply,  although  very  ingenious,  may  be  regarded  at  a  perfeA 
bypothefis — a  fuppofition  unfupported  by  any  fii^;  and  aa 
an  infiancei  from  his  partiality  for  it  on  this  occafion,  of  our 
^fpofltion  to  overlook  iroperfe6tions  in  our  own  performance^ 
whilA  we  obferve  them  in  the  works  of  others. 

I  am.  Sir, 

Your  mod  obedient  fervanf, 

RA.  THICKNESSE. 


IX. 

Ahfira6t  of  a  Memoir  on  the  PoJihiUty  of  obtaining  PniJUate  tf 
.  Potafti  free  from  Iron ;  the  Unalterahility  of  the  Prufic  Acifit 
at  high  Temperatures ;  and  the  true  Nature  qf  tht  Camlmuh' 
tions  qfthis  Acid  with  different  Bafes^    By  Bvcholz. 

(Concluded  from  p.  28s,  VoU  IX.) 

General  deduc-  X  HESE  two  experiments  therefore  prove,  that  ffbm  four 
parts  of  dried  blood  and  one  of  carbonate  of  potafli,  no  more 
prufliatcd  alkali  can  be  obtained  than  from  two  of  blood  and 
one  of  alkali. 

From  what  has  been  fo  far  flated  the  author  concludes,  after 
varying  and  repeating  the  experiments  here  detail^^ 

I.  That 


•ioof. 


1 .  TIiil  four  parts  of  blood  to  ona  of  carbonate  of  polaD)  are  Bcft  proportion 
loo  much,  and  thai  equal  parls  of  blood  and  carbonate  of  polalli"'^^  ^"^"j^^ 
are  rather  good  proporiioni  lor  obtaining  ihc  moft  poffible  blood,  irc  i  ^ 
qaanlily  of  pruffialeJ  alkali.     The  latter  proportion!  have,  *"**    " 
moreover,  the  difadvantage,  that  the  excefs  of  alkaUt  acli 

upon  the  oxide  of  iron  of  the  blood  as  well  ai  upon  liie  cru- 
cible, and  IherefarL.'  introduces  new  impurities.  Two  parli 
of  blood  and  oae  of  carbonate  of  polaiit,  appear  to  be  a 
better  proportion  for  obtaining  ibe  grcaicll  polSble  quantit)' 
of  prufliate  of  potafli,  under  like  c ire um nances. 

2.  Alcalici  deprived   of  carbonic  acid,  are  not  better  rhanl' '"  no  *^""»' 
carbonated  alkalies  for  the  produSion  of  prulfiated  al''ali'-"*l*u^  jj^.* 
by  treatment  with  blood;  for  the)  become  reconvened  into 
carbonated  alkalies  during  the  procefo. 

3.  No  pure  pruffiate  of  potath  can  be  obtained,  except  care  The  fbnnitioB    _ 
be  iBkett  that  the  mixture  of  blood  and  alkali  be  neither  loo"^""/,'^^ 
much  nor  too  little  ignited.     The  criterion  which  may  ferved.jii  heit  mih- 

as  a  guide  to  the  operator,  is  the  cclTalion  of  the  flame,  atler  '"'i^'"","!"^ 
a  gradually  increafcd  ignition  without  fufion.      For  i(  tiie  inaf«  till  the  fUatt 
be  heated  luddenly  fo  as  lo  cffea  a  partial  fufion,  or  if  it  be «»''■■ 
Continued  after  the  difappearance  of  the  fiaroe,  it  will  be  in 
vain  to  look  for  pure  prudialed  alkali. 

4.  The  high  colour  of  prufTiated  alkalis  is  not  always  owing  When  thchigh 
to  the  prefence  of  iron,  but  more  frequently  lo  a  m-xute .'^^^^'^P^'U^ 
<]U3nlity  of  charcoal.  Thi«  impurity  is  no!  capable  ofyieldingciul,  icd«i  not 
refuhs  that  could  midfad  the  chemical  enquirer  in  the  appli- P'^'""  IiUkj. 
cation  of  this  rf-agent. 

5.  The  qiiaEitiiy  of  water  employed  for  ihe  lixivralion  of  Very  link  wimt 
prulUaled  alkali  from  the  Ignited  mafs.  fliould  be  as  fmall  »' f„ ^"J^'j',"^^' 
potTihlc,  and  heat  flioulil  be  avoided  as  much  as  potTible.     For  ed. 

if  prulEated  alkalis  be  heated  in  conlafi  with  water,  part  of 
the  prutSc  acid  is  liberated,  ammonia  is  produced,  and  car- 
bonate ofpotaOi  formed. 

6.  Acetic  acid  cannot  be  employed  for  removing  the  ad-Acitic  icid  can- 
mixture  of  carbonate  of  polafh  from  pruffiated  Blkalt=;  for  I'^^'j^j  ,°ft"',|j,^. 
energy  of  the  atliniiy  of  prulLc  acid  is  lefs  than  the  energy  ofdundint  paiilh. 
the  aliinity  of  carbonic  acid  lo  potalh  ;  the  union  of  the  prulBc 

acid  and  polalh  is  therefore  demolilUed,  in  picleience  to  that 
of  the  carbonate  of  potalh. 
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Oa  a  wieMelot.  found  in  Crude  Platiiw.  ByWiLLiAtt  Hvoffi 
WoLLAsfov,  A/./),  f.  Jt.5.   /row  (Ac  PAjtylpAica/ TroJi 


aciimu,  liQ^. 


iRtrwluaicn. 


No 


lOTWITHSTANDING  I  was 
bad  akribed  ihe  red  colour  of  certaii 
plalina,  ro  Ihc  prerence  of  a  pew  i 
Tcniiant  had  obligingly  < 


aware  that  M.  Defcotils 
preci  pi  talus  and  falls  of 
etal ;  and  although  Mr. 
hii  dtfcoverjr  of 


^^^^r  the  fame  fubfiance,  a%  well  as  of  a  fecond  new  metal, 

^^^F  fbimng  powderlhat  remains  andillblved  from  the  ore  of  plalina ; 

^^H  yet  I  was  led  to  fuppofe  Uiat  ihc  more  foluble  pails  of  ihit  mi- 

^^^B  neral  might  be  dcforving  of  further  examination,  as   the  fluid 

^^^^  which  remain)  after  ihe  precipitation  of  plalina  by  fal  atnroo- 

iiiac,  prefcnlx  appearances  which  I  could  not  afcribe  to  either  I 
of  lliofe  bodies,  or  (o  any  other  known  fubftance.  ~\ 

New  tMtal,  My  inquiries  having  terminated  more  fuccefsfully  than  I  hsd 

XWriw.  expefled,  I  delign  in  theprefent  Memoir  to  prove  the  exigence, 

and  to  examine  the  properties,  of  another  metal,  hitherto  un- 
known, which  may  not  improperly  be  dilHnguiQied  by  the  name 
of  Wiodium.  from  ihe  rofe-coiour  of  a  dilate  folution  of  the 
falti  containing  it. 
P»ihiium  (bund  I  I"*"  !»iro  lake  the  fame  opportunity  of  Rating  the  refull  of 
iDORofpUtlni.  various  experiments,  which  have  convinced  me,  that  the  me- 
tallic fubftance  which  wa;  Isft  year  offered  for  fale  by  the  nami> 
of  Palladium,  ii  contained  (though  in  very  filial!  proportionj 
in  the  ore  of  plalira. 

The  colour  of  the  folulion  that  remains  after  the  precipitation 
of  platina,  varies,  not  only  according  lo  its  (late  of  dilution,  but 
\\io  according  lo  the  llrenglh  and  proportions  of  the  nitric  and 
nmrialic  acids  employed.  This  colour,  though  principally 
owing  to  the  quantity  of  iron  contained  m  it,  arifesalfo  In  pari 
from  a  froall  quantity  of  the  ammoniaco-iiuriate  o(  plalina,  that 
tierelfarily  remains  dilTolved,  and  from  other  metals  contaiiwl_ 
in  ilill  fmaller  proportions.  ^ 

[A.  1.)  To  recover  the  remaining  platina,  as  well  oj  lo  fc' 
parate  Ihe  other  metals  thai  are  prefent  from  the  iron,  I  have 
I  in  fnine  expcrinienls  employed  zinc,  in  others  iron,  fot  their 

I  prL-cipilation.     The  former  appears  preferable;  but,  when  the 

^^^^  latter  has  been  ufed,  the  precipitate  may  immediately  be  freed 


lofpli- 


Pteclpitiblt  ^1 


from 
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f  torn  (he  iron  that  adhere)  lo  il,  by  niurialic  acid,  witboiK  (he 
loft  nf  any  of  thofe  mtuls  whiLh  arc  at  prefenl  the  lubjefi  of 

(A  2.)   Having  in  one  inftsnce  difToIveil  Tuch  a  precipiUleiaThefimerrf- 
nilru-imirialPc  acid,  and  precipilated  Ihe  plaljiia  by  fat  nmmii-  "'''"'"""', 

'  t  I  r  /  tffMAt  ciyltali 

mac,   1  laDcrcd  tlie  rcrnaining  Iluid  (o  (.'vaporaie  williout  liealibr  fpontaneoui 
an<l  obtained  a  mixlitre  of  varioui  cryftsi*,  very  diffcrciU  iVoin'"?* 
each  other  in  form  and  colour.     From  thefe,  I  fek^ed  Tor  exa* 
miiiaiiDn  f'lroe  that  were  of  a  deep  red  colour,  partly  in  thin 
plalet  adhering  to  the  Hdea  of  ihe  veHel,  and  partly  in  the  form 
of  fquare  prilni'i  having  a  re^uiigular  (ermination. 

(A3,)  A   portion  of  ihefe  cryilal*  being  hualed  la  a  fmallD«preaCTjlbI» 
tube,  yielded  fal  ammoniac  by  fublimatioii.  and  left  a  black  J^['j^  ^'iJ^^j 
refiduum,  which,  by  greater  heat,  acquired  a  brilliant  melalllc 
whilencl'i,  bat  could  not  be  fufed  under  the  blovfpipe.      Having —not  pUtina.  J 
obtained  this  fubflanrc  from  a  dillinctly  cryflalbzi^d  fait,  1  was  I 

inclined  to  conlider  it  a;  a  fimple  melal ;  and,  a<  I  found  it  to  4 

be  wholly  infoluble  in  nitro-murialic  acid,  1  judged  il  not  lobe 
platina. 

(A  i.)  The  cryfials  alfo,   inRead   of  being  nearly  infoluble, The  (ttII.1. 
like  (he  ammoniaco-rauriale  of  plalina,  were  diffolved  in  a  'mall^^^  '^„',''4.'t*' 
quantity  of  water,  and  gave  a  role-coloured  (cilulion.     Upon  which  milcwibe 
mixing  this  with  a  folutlon  of  pUrina,  the  ainioonia  was  tranr>'«  '^  pl""" 
ferred  by  fuperior  affinity  lo  the  latter,  forming  an  ammoniaco- 
murialeof  plalina;   and  the-  precipitate  was  of  a  yellow  colour. 
Confequently,  (he  melal  contained   in  the  fill,  wa«  neither 
plaliiia  nur  (hat  which  gives  (he  red  colour  (a  (he  falls  of 

It  would  be  ulclcfs  (o  detail  my  tirO  utifuccefsrul  experiments  Tbtbir^vwdit 
made  u|inn  ilie  properties  of  Ihio  metal,  in  hopes  of  difcovering™^^'^' 
means  by  which   i(s  reparation  from  plalina  might  be  elfe£led;iiced. 
1  (liall  therefore  confine  mylelf  (o  the  following  priKcfii,  which 
appears  lo  be  the  moll  dired  for  procuring  rhodium  in  a  ftate 
of  purity.      In  (he  fame  procefs  ulfo  pallsriium  is  ohiained,   fo 
as  to  afford  a  pidumpliun,  that  i(  ii  rather  a  natural  limple 
body,  than  any  aruficial  compound. 

(B  [,)  Since  the  plalina  (o  be  procured  in  (lii>  cnun(ry, Pmceri  fbi 
generally  conlaijis  fuiall  fealcs  of  gold  intermixed,  a';  well  asa^|_^^B." 
portion  uf  the  mercury  which  (he  Spaniard*  employ  for  ihediepi.i 
fepaialioo  of  the  gold,  the  platina  uled  for  my  experimenls.B'"'"- 
after  being  by  mechanical  means  freed,  as  far  as  pollible,  from 
D2  all 
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all  viftble  impurilie;,  was  expofed  to  a  red  b«at, 
pofe  of  expelling  Ihc  mercury.  It  was  ihen  digefied  fi 
time  in  a  rmall  (juanlity  of  dilute  nilro-miirialic  acid,  and  fie- 
qucnlly  Hiaken,  till  ihe  whole  of  llie  gold  was  dtfTolved,  toge- 
ther with  any  impurilies  that  might  fuperticially  adhere-to  the 
graint  of  platina. 

Saluiiooor  thi        (B2.)  Of  the  ore  thii<;  prepared,  nearly  2|  ounces  were  th« 
oi«inmtro-mur.  jjj^jjl^gjj  j^^   nitro- muriatic   acid,   (diluted   for  the   purpofe  0 
leaving  as  much  bs  poflible  of  ihe  lliiniiig  powder,)  and  tb** 
whole  fulTi^red  lo  remain  in  a  moderate  fan d  heat,  till  cain>f 
pleiely  falurated. 

Pitciiutitian  ij     l^  ^•)  Such  a  portion  of  thii  folution  was  (hen  taken  fori 
bi  amm.  analyfis,  as  correfponded  lo  lOOO  grains  of  the  prepared  ore,4 

An  ounce  of  fa!  atnmoniac  was  next  dilTolved  in  hot  waletf  ■ 
andufcd  for  (lie  precipitaliun  of  the  platina.     The  precipitate 
obtained  was  of  a   yellow  colour,  and,    upon    being   heated, 
yielded  815  graint  of  purified  platina. 
KcfiJul  liqusf       (B  4.)  The  water  ufed  for  walliiag  this  precipitate  having 
prccipiacid  by    l)een  added  to  the  folulion  poured  from  il,  a  piece  of  clean , 

was  immerfed  in  il,  and  fufTered  to  remaini  till  there  appeared  U 
be  no  further  a^ton  upon  the  zinc.     The  iron  contained  il 
ore  (to  Ihe  amount  of  l4or  15  jht  rmt.^  remained  in  folutiaf 
The  other  meials  had  lublidcd,  in  the  form  of  a  black  powder>>J 
which  I  efiimaled  between  40  and  50  grains;  but.  as  there  w 
no  occalion  to  weigh  it  with  accuracy,  I  thought  it  betle 
dry  tliis  precipitate,  for,  if  it  be  heated,  the  rhodium  is  in  dBq^S 
gerof  being  rendered  infoluble. 
Preeipittte  it-         (B  5.J  As  1  had  prcvioully  aftertained  that  this  precipitate   ^ 
L"dTadlj°^^fc  ""»"'''  '^°""''"  P'"''""'  f ''""iu-n.  'he  fubllance  called  palladium, 
aiti  and  then    copper,  and  lead,  ihe   two  laft  metals  were  firR  diflblved  in 
diffolfui  (moft    very  dilute  nitric  acid,  aided  by  a  gentle  heal.  The  remainder, 
■cid.  after  being  walhed,  was  digelled  in  dilute  nitro- muriatic  acid) 

which  dilTuIved  the  greater  part,  but  left  a;  much  ai  4-^  graini 
undiflblved.* 
AddltioDof  (BS.J  To  the  folulion  were  added  20  grains  of  common 

coma™  f^t  jni  (^^^  j,„j  „[,en  the  whole  had  been  cvapoiatcd  to  drvnefs  with 
crap«  Icrc  lala-  '  - 

oiunHci  of        a  very  gentle  heat,  the  reliduum,  which  I  had  found,  from  prion 

platina,  pillid'i- 

iinnnJ  thodium.  •  li  \,ai  piefumcd  that  this  reliduum  confifted  principally  of  the 
tlt'of^^t^  meul  called  by  Mr.  Ttnnani  Iridium  i  but,  ai  ■■  wai  aeeidentaUy 
wuwafhcdoff    miHuid,  and  was  not  examined,  it  might  alfo  contain  a  portioo of 

hj-  itwhol.  rhodium. 
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vspenraenl!,  would  connil  of  the  foda-niuriatei  or  platina,  of 
palladiuni,  and  ol  rliodluit!.  was  wafhed  reputedly  wilh  finall 
quantiliet  of  alcohol,  till  it  came  offntarly  (joloutlers.  There 
reinained  a  triple  fait  of  rbinlium,  whicfj  bj  thcfe  niesns  ii  freed 
from  all  metallic  impuritiei. 

(C  I.)  This  fait,  haying  been  diffolved  in  a  fmall  quantity  of 'o'utisn 
tot  water,  and  let  to  Hand  12  hours,  formed  rhoraboidal  cryf-  *'^* 
tali,  of  which  the  acute  angle  wat  about  75". 

(C  2.)  It  was  then  again  dilTolved  in  water,  and  divided  into  One  liilf  pn- 
two  equal  portions.  Of  iliefe,  one  was  decompofed  by  a  piece  "P" ''''  *'"*" 
of  zinc,  uiid  the  other  examined  by  the  Ibllowing  re->gent5, 

(C  3.}  Sal  ammoniac  occafioned  no  precipitation;  but,  whenTht  other  half 
a  folution  of  plaluia  was  added  to  the miiture,  a  precipitate  wrai  riJJiJJ"h','''L, 
imtnediately  formed,  and  the  colour  of  this  precipitate  wasyel-bf  lii-amm. 
lowj  which  again  proves  that  the  metal  contained  in  this  fait, 
U  neither  platina  itfelf  nor  tliat  which  gives  Uie  red  colour  to 
its  precipitates. 

(C4.}  Prutliale  of  potath  occafionad  no  precipitation,  ai  it  "oi  l>]r  pr.  pM- 
would. have  done,  if  the  folution  had  contained  palladium.       *"*' 

(C  5.)  Hydfo-fulphurel  of  ammonia,  which  would  have  pre- nor  ky  hya™- 
cipilated  either  platina  or  palladium,  caufed  no  precipiutionof^"'''*'-  '^*""* 
lliij  metal. 

(C  6.)  The  carbonates  of  potalh,  of  fuda,  or  of  ammonia,  am  hj  cirb.  ■!• 
occaGoned  no  precipitation  ;  but  the  pure  alkalis  precipitated  a  ■"''*•  l*"  ^ir 

"         *^  '  r         r  purcitlt.  folutila 

yellow  oxide,  fuluble  by  excefs  of  alkali,  and  alfo  foluble  in  in  kU,, 
every  acid  llut  I  have  U'ied. 

(D  1.)  The  folutionofthi^oxidein  muriatic  acid,  upon  being  MuriitiiCdutioa 
evaporated,  did  not  tryftallize  ;  the  reliduum  was  foluble  in ''^•'^''"»'      1 
alcohol,  and  of  a  rofe  colour.    Sal  ammoniac,  nitre,  or  common 
fall,  caufed  no  precipitation  from  the  mnriatic  foluiion;  but 
formed  triple  falli,  which  were  not  foluble  in  alcohol. 

{D  2.)  Tlie  folution  in  nitric  acid  alfo  did  not  cryflallize,  A  N'tn*  Malinn. 
drop  of  this  folution,  being  placed  upon  pure  filver,  occaQoned 
no  flain.  On  the  furface  of  mercury  a  metallic  him  was  preci- 
pitated, but  did  not  appear  to  amalgamate. .  The  metal  was 
kHo  precipitated  by  copper  and  other  metals,  as  might  be  pre* 
fumed,  from  the  ufual  order  ol  their  atfinilies  for  acids. 

(El.)  The  precipitate  obtained  by  zinc  (C  2.)  from  there-Theprtcip.  be- 
maininghalFof  the  fait,  appeared  in  the  form  ol  a  black  powder,  '"^  mide  by 
weighing,  when  thoroughly  dried,  nearly  '2  grains,  coftefpond.  ' 

K(o  about  4  grains  in  the  1000  of  ore  dilfulvcd. 
(t2.) 


w 
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£it.pij  bcited,         (E  2.)  Wlienexpoled  loheai,  lhi»  powder  continued  blacic  ( 
wiih  burax.  it  acquired  a  while  metallic  lufirc,  but  appeftred 
infufible  by  any  dtrgrce  of  lieat. 
fuliblewiUi  (Ed.)  Wilh  arfefiif,  however,  it  i*,  likeplatina,   t*mtei 

^Wr*  *'*  '^''''''''' '  ^'"''  ''''^'  P^'I'^dium,  it  nisy  alfo  be  fufed  by  mean* 
McDliic  butiM  Tulphur.  The  arft-nic,  or  (he  fulphur,  maybe  ex[tcl1t:d  from 
HCaulkible,  i,  by  a  coi.ittiuMce  of  the  Sl-sI  j  bui  the  meull-,  bull  on  ob- 
tained diies  nut  become  mallpable,  a*  either  oi  ihe  preceding 
metal?  would  be  render I'd  by  fimilat  treatmer 
uniwi  *lt1i  ji;  ,,_j  J,  uniie?  readily  with  all  metali  that  have  been  tried, 

nUTcuiy.  excepting  mercury  ;  and,  wtih  gnld  ur  filver  it  tornis  very  mah' 

leabtt-  alloyt,  Ihat  are  nut  uxidaled  by  a  high  decree  of  heat, 
but  become  incrufied  with  a  black  u^ide,  when  very  llowl^ 
CBoleJ. 

Colli  and  iln>di-       (E  5.)  When  1- parts  of  gold  are  united  wilh  one  ofrhodiunii 
um  4  [0  t.  aUliotigh   tile  alloy   may   aflunie  a    rounded  form   ondet 

blowpipe,  yet  it  leenia  to  be  more  in  Ihe  Hate  of  an  BmalgaB^ 

than  in  complete  fufion. 

Cold  ind  rho-  (E  fi.)  When  fix  part*  of  gold  are  alloj-ed  with  one  of  rilO. 

Hum  6  woBe.    jjg^_  l^^^  eompouiid  may  be  perfefllv  fufed,  but  retiuires  lar 

Itdoei  noi  di(-    more  heat  than  fine  gold.     There  is  no  circumllsnce  in  which 

«lMf  fiiU'         rhodium   difFers   more   from  pLliiia,  ihan  in  the  colour  of  ihll 

oliny,  which  might  be  laken  for   fine  goW,  by  any  nne  who  il 

not  very  much  accufloroed  todircriminatc  thediDerent  qualiliei 

of  gold.      On   the  contrary,  the  colour  of  an  alloy  containing 

ihc  fame  proportion  of  plaiina,  dilTL-rs  but  hltle  from  ibat  of 

plalina.      This  was  orijrinally  obferved  b)  Dr.  Lewis.      "  The 

"  colour  wa^   flill    (n  dull   and  pale,  ihst  the  compound  (five 

"  to  one)  could  luarctly  be  judged  by  the  eye  to  contain  atiy 

gold.'" 

I  find  lhat  palladium  refembles  plalina,  in  Ihis  property  of  _ 
deftroying  Ihe  colour  of  a  large  quantity  of  gold.  WhenonSiS 
part  of  palbdium  is  united  10  fix  of  gold,  the  alloy  is  neatfn 
while.  ] 

SolubUlty  "f  (E  7.)  When  I  endeavoured  lo  dilToIve  an  alloy  of  filver  n 

h/^^bml^"^  K"''*  "'''•  'hodium,  the  rhodium  remained  untouched  by 
cither  nitric  or  nitro-murialic  acids  t  and,  when  rhodium  hs4 
been  Tufed  witharfenicor  with  fulphur,  or  when  merely  healed 
by  itfdf,  it  was  reduced  to  the  fame  (late  ot  inlblubility.     But, 


♦  Ltwii"!  Philofophica!  Commerce  of  Aits,  p.  536. 
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when  one  part  of  rhodiura  had  been  fufed  with  llirec  parti  cif 
birmulh,  of  copper,  or  of  lead,  each  of  ihefe  alloys  could  bt) 
dijToIved  completely,  in  a  mixture  of  two  parts,  by  meafure. 
of  muriatic  acid,  with  one  of  nitric.  With  the  two  former 
inelals,  the  proportion  of  the  acids  to  each  other  fecmed  nol  to 
lie  of  (o  much  confequencc  as  with  lead;  bu)  Ihe  lead  appeared 
on  another  account  prcfuiable,  as  it  was  molt  eafily  fepataled, 
when  reduced  to  an  iiifolubli;  muriate  by  evaporation.  Tlie 
rouriaie  of  rhodium  had  then  the  fame  colour  and  pro|>erlien, 
as  when  formed  from  ihe  yellow  oxide  precipitated  from  thu 
original  fait.     [D  1.) 

(E  3.)  The  fpecific  gravity  of  rhodium,  as  far  as  could  be  sp<ttfic  gtiviij. 
afcerlaincd  by  trial  on  fo  fmall  tjuanlilics,  feemed  lo  exceed  II. 
Thai  of  an  alloy  confifling  of  one  part  rhodium  and  about  two 
part*  lead,  wastl,3;  which  is  fo  nearly  thai  of  k-ad  iticif,  that 
each  part  of  (his  compound  may  be  confidercd  as  having  about 
Ihe  fame  fpecific  gravity. 

F.  As  it  was  expelled  that  the  alcohol  employed  for  wafliing  The  tkohet 
IheWlofrhoilium  [Bo.)  would  coniam  the  fo^ia-muriaiei  of  J;^^^^^"'^*^^ 
plalina  and  of  palladium,  the  platjna  woi  firtt  precipitated  by  cumiiwd, 
fal  amimoniae.  This  piecipilate  was  of  a  deep  red  colour  j  and, 
when  it  liad  been  healed,  lo  expel  the  fal  ainmotiiac,  the  pla. 
lina  "liich  remjined  was  of  a  dark  gray  colour. 

(G  1.)  To  ihe  remaining  folutinn,  after  it  had  been  diluted 
lo  prevent  any  further  precipitation  of  platina,  I-added  ptuf- 
fiale  of  potaQi,  which  infianlly  occafioned  a  very  copious  preci> 
pilale,~of  a  deep  orange-colour  at  fjril,  but  changing  alierwards 
to  a  dirty  bottle-green,  which  I  afcribcd  lo  iron  contained  in 
the  prulTiale. 

(G'J.)  This  precipitate,  when  dry,  weighed  12j  gratmc. 
After  it  had  been  heated,  it  left  a  meialliq  rcfiduum,  in  fmall 
grains,  of  a  gray  colour,  weighing  nearly  7  grains.  A  fmall 
portion  of  it  being  healed  with  borax,  communicated  a  dark 
brown  colour  to  the  borax,  as  from  iron,  and  acr|uired  a  bright 
metallic  luHre,  but  could  nut  he  luft^  under  tlie  blow^iipe. 
With  fulphur,  however,  it  fufed  immediately  into  a  round 
globule,  which,  by  floating  upon  mercury,  appeared  of  left 
fpecific  gravily  than  ihat  metal. 

(G  3.)  Tlic  whole  quantity  was   then  treated  in  the  fame 
manner,  and  pun£eJ  by  cupcllalion  with  borax,  till  it  cooled 
a  bright  futfoce.     From  the  globule  the  fulphur  was  ex- 
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pellt^il,  by  expofure  lo  ihe  exlreroilj  of  Ihe  flamej  and  it  b* 
came  fpongy  and  malleable,  weighing  in  ihis  (late  very  rcary 
five  gram*. 

PilUiiium,  (G  ♦.)  Aporliunof  this  metal  wag  ditToIved  in  ftrongntlrou^ 

acid,  was  ptecipitaled  by  green  fulphale  of  iion,  and  in  other 
refptfl*,  poffcded  all  the  properiies  afcribcd  to  itie  palladiui  ' 
offered  for  fale,  in  llie  prinled  paper  thai  accompanied  ir,  as 
well  3"  oiheis  fince  noticed  by  Mr.  Chenevix. 
Jtt  diffcrencei  (G  3.)  In  its  precipilalion  by  prufliate,  it  difTers  moft  eflen- 
ftom  pbiiM.  tially  from  plaiina  ;  and  confequenlly  is  by  HO  means  diRicutt 
to  be  diDinguJDted,  or  feparaled  fioin  it. 

(G.  6.)  The  aflion  of  muriate  of  tin  upon  the  fololiuni  of 
thefe  melals,  ii  alfo  totally  different.  A  dilute  folulion  of  pta? 
tina,  is  (hereby  changed  from  a  pale  yelluw  10  a  tranrparant 
blood-red.  A  fnlulton  of  palladium,  on  the  contrary,  ufiiallj 
beromei  opaque,  by  the  formation  of  a  brown  or  black  pree^ 
pit.itei  but,  if  mixed  in  fuch  proportion  aa  to  reoiun  trBnTpAr 
rent,  it  changes  to  a  beautiful  emerald-green. 

(G  7,)  In  Ihe  formalion  of  triple  falls  with  the  alkali 
obfervedby  Mr.  Chencvix,  palladium  may  be  faid  lo  refembM 
platina;  but  the  falls  ihu*  formed  are  far  more  foluble  than 
the  correfponding  falls  of  plaiina,  and  differ  entirely, 
colour  and  fnrm  of  the  cryllals. 
.  (G8.)  The  foda-muriale  of  palladium   is  a  deh'qaefcen| 

^^m  fall ;  that  of  plaiina,  on  the  contiary,  forms  permanent  cryi 

^^P  (G9.)  The  triple  falls  of  platina,  with  either  muriate  of 

^^  ammonia  or  of  polalh,    form  oflaedral  crydals  of  a  yellow 

colour,   that  are  vury  fparingly  foiuble  in  water.     The  corm 

fponding  falls  of  palladium,  likewife  refemble  each  other  ilk. 

^^^  every  rcfpeft.     The  crjftaU  are  very  foluble  in  water,  but  i 

^^K  foluble  in  alcohol;  their  form  is  that  of  a  four-tided  prlfni,ai 

^^H  they  eacli  prefeni  a  curious  contrail  of  colour,  that  ceilsitily  il'' 

l^r  not  obfervable  in  any  known  faltot  platina. 

Cutfeu.  «ntr.ft      (G  10)  Although  Ihe  folution  is  of  a  deep  red,  the  cryflat, 

of  colour  in  the  are  of  a  bright  green  when  viewed  tranfverfeiy.     In  Ihedireo* 

ftlHofpilU-      (ion  of  (heir  axes,  however,  the  colour  is  the  fame  as  that  o- 

'    '  Ihe  foluuoii;   but,  on  account  of  its  extreme  intenflly,  itiswidi 

dUTiculiy  diOinguilhed  in  fragments  that  exceed  j^-,  of  an  indi 

in  Ihickncfs.     One  confequcncc  of  this  colour  is  nevcrthvlefk 

veij 


ingaiiy  crjUal  oblicjilely^ 
1  from  a  mixlure  of  ihe 


^ 


veryobfervable;  namely,  Ihat 
it  appears  of  a  dull  brown,  ih; 
red  and  green.* 

The  charaAers  of  palladium  (liat  have  been  enumetaled,  un-  Probability  ifait 
doubtedly  )>elong  lo  nom;  of  llie  limple  fubftancw  llial  we  are  ^^' ^^Btia' 
acquBinled  wilh;  and   no  experimeril  that  I  have  made,  has  infer  that  filli- 
(ended  lo  confirni  ihe  fulpicion  of  ils  being  a  tompound,  con-      '"^^' JL^^ 
{iDing   of  any  known   ingrcdienU.     The   experiments  above  bting  founJ  ia 
related,  fliow  evidently,  that  the  oreof  piaiina  contains  a  very  P'^''"'- 
fmall  quantity  oF  palladium ;  and  it  h  not  unlikely  that  this  may 
have  been  a  conDituenl  pari  of  fome  of  the  compounds  obtained 
by  Mr.  Chenevix,  and   may  have   milled  him,  by  forae  pro- 
pertiei  which  he  would  confequenlly  obferve,   into  ihe  [uppo- 
fition  that  he  had  formed  palladium. 

It  ii  nol,  however,  without  having  repeatedly  endeavoured  lo  AH  Jtteoipii  of 
rmilale  his  experimenta,  thai   I  have  ventured  to  dilTent  from '^'"''"'f  *" 
fach  authority.     I  made  many  aliempl^  lo  unile   pure  platinaunfgtccftful. 
with  mercury,  by  folution,  and  by  amalgamation;  but  without 
fuccefs,  in  any  one  inllance. 

From  a  Iblulton  of  plaiina,  carefully  neutratixed,  as  Mr> 
Chenevi St  direct",  wilh  red  oxide  of  mercury,  and  mixed  with 
a  folulion  of  green  fulphale  tif  iron,   I  indeed  obtained  fuch  a 

•  The  change  of  tnlour  above  dtfcribcd,  though  ccitiinly  un- 
commi-in,  ii  nevtrtbclcfs  not  peculiar  lo  the  falts  of  palUJiura,  hut 
may  be  Teen  ilfo  in  fume  kinds  of  louimalin.  Among  thufc  which 
jcomc  to  u>  from  Ceylon,  fonie  are  iranrparrnt  j  and  one  varitty  ic 
of  a  deep  red  in  the  direftion  of  ill  axil,  but  of  a  yellowilh  green 
when  viewed  iranfverfely.  There  is  alfo  a  correlponding,  but  op- 
pofite  contrail  of  colouri,  ibat  has  been  obftrved  by  Muller,  and 
defcribed  by  Bergmnnn,  in  fome  of  (he  Tyrolefe  (ourmalins.  The 
general  aipeA  of  thefe  [tones  is  black,  and  apparently  opaque. — 
Some,  however,  of  which  the  fraflure  ii  viireoui,  ate  found  to 
traufmit  a  yctlowilh-red  light  when  viewed  tmiifverfely,  but  in  the 
dlreflioD  of  their  axis  the  colour  ii  a  dull  bottle  green. 

In  each  of  thcfc  toarm:\lir.<,  at  well  as  in  the  falii  of  palladiuin, 
the  colour  in  ihedireflionof  theaxii  is  at  leail  ten  timcimoreinlenfc 
than  in  the  Iranfverfe  dircflion,  A  tliin  lamina,  cut  from  the  end 
of  a  Tyroicfc  tourmalin  for  thii  purpofe,  tranfmilted  no  vilible  light, 
till  It  wai  reduced  to  ^'j,  of  an  inch  in  ibickncfii  and,  when  lefi 
than  -f^n  of  an  inch,  it  was  not  more  tranfparent  than  another 
^nion  of  the  fame  cryflat  feen  ttanfverfely,  ^  of  an  inch  in  ihick- 

precipilale 
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precipitate  of  metallic  Jiakei  athedercribes;  but,  upon  exami- 
nation of  thefe  flakes,  ihey  jieUcd  roercurj  by  diftillalion ;  aniJ 
the  remainder  conCfteit  ot  piatiiia  combined  with  a  polUon  of 
iron,  but  had  nni  any  prnperliet  which  I  could  fuppofe  owing 
lo  tlie  prefence  of  palladium. 
Otbcr  Mti  uid      Upon  comparing  llie  fpecific  gravity  of  this  fubHancc,  which 
t^^^pM,-  wa*  raid  tobe,  at  moll,  11,8,  with  ilialol  meicury  or  ot  platina, 
didin  ii  I  liinplc  I  was  always  Itron^y  inclined  to  doubt  the  polTibilily  of  its 
*"***  bcinj;  comp»r<;d  of  ihefe  metoli.     I  could  recollect  no  one 

inllance,  in  which  the  fpecific  gravity  of  anj'  compound  it  ld> 
than  Ihai  of  iu  lighten  ingredient,  and  could  not,  witliuut  care- 
ful examination,  admit  ihe  fivppolition,  that  mercury  could  b« 
rendered  lighter  by  intimate  union  with  plalina.  It  now  ap- 
pears fully  conlirmi.'d  thai  this  p<:rfuaCon,  anting  from  unifurm 
experience,  was  well  founded ;  for,  if  we  conllder  ihe  diffi- 
culty of  producing  even  an  imperfef)  imitation  of  palladtuin, 
the  Jailure  of  all  attempts  to  refolvc  it  into  any  known  meta|«, 
the  facility  uf  feparaiin^  it  from  any  mixed  folulion  of  Ihofe 
which  it  has  been  fuppofed  to  contain,  as  well  as  the  number 
end  diliinflnef^i  of  its  charafieriltic  properties,  I  think  we  rouH 
clafs  it  wi<h  lliufe  bodies  which  we  have  moll  reafon  lo  conli. 
der  as  fimple  metals. 


Later  from  Mr.  Wm.  Wilson,   exhibiting  the  EleSncitjfM 
Metals,  without  the  Help  of  any  condeiifi"^  InfirumtM, 

To  Mr.  NICHOLSON. 
SIR, 

London,  Dec.  22,  IS( 

Whuho  (he       VV  HEN  I  fct  about  making  ihe  compound  eleftrical  t 

ntttlllione'b^  ^^^^^'  '^^'""''^^  '"  ""f  '""  '°"'='' »»  y""'  ^  'nicnded  lo  repfHJ 
the  cflkft  of  [he  the  experimc^nts  of  Cavallo  relating  to  the  eleflricity  oblaiM 
f'"'"uua''"     *'''  '''^  contafl  of  mtiaU  related  in  the  Ihird  volume  of  If 

'  fourlli  edition  of  his  Treaiife  of  Eleftricity-i  bul  before  tbtf^ 

inllriimenl  wa9  finilhed,  I  was  induced  (by  fome  experimenti 
I  had  made  relative  lo  the  caufe  of  excitation  of  cleflricily)  lo 
fuppofe  that  it  is  not  the  conlafl  of  ihe  metals  thai  is  Ihe  caufe 
of  the  appearance  olcledriual  Cgns,  butihe  feparalion  of  ibs-^ 
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tneUli  from  contaft.  And  this  ruppornioit  ws";  vi^cy  much 
ftrengthened,  wheli,  upon  L-Mamination,  I  FniinJ  that  all  wiio 
have  made  experiments  on  liits  fubjca  have  feparaled  the  metals 
from  conlafl  heriire  ihev  e'<amin«l  ihem  as  lo  iheir  elearicily. 

If  (lit;  cnnraia  of  llie  tv^o  mulals  be  the  caure  of  ihe  ileflri- 
cal  <)gn>,  llie  wliole  efTect  llial  one  melal  i-an  have  on  ancillier  j 
will  be  communicat-^d  at  ibe  time  of  roniaa,  however  fcw  ihe 
pointt  are  ihal  form  the  cuniad,  becanfe  both  the  metals  being 
<:oncluflnn  of  electricity,  if  oiii:  poiTefTed  a  ;;reater  proporliun 
of  it  that)  Ihe  other,  a  pari  will  becommmiicaied  lo  Ihe  other 
at  the  time  »f  (ontaA,  lo  form  an  equilibrium,  and  Ihi^will 
be  done  a:  well  by  a  few  points  ofconlaft  ai  by  a  )(reat  many. 
Bui  if  it  ii  Ihe  feparaliriK  tliem  from  conlaa.  that  is  Ihe  raufe 
of  the  electrical  lign,  ihc  more  eKievifive  the  cnn<ari  is  the 
more  powerful  will  the  fi>;ns  be  n  htrn  the  metals  are  feparaled. 

To  put  this  lo  ihe  tell  of  experiment,  1  pierced  a  piece  (jf 
lliin  (heel  copper  full  uf  fjiiall  Imles,  jufl  big  enough  lo  perratf 
lo  pafs  Ihrough  them  two  or  three  panicles  of  filings  of  anolhet 
meial  at  a  time,  fo  that  alm-ill  evciy  particle  niuli  be  in  con- 
tafi  with  the  cupper  bcfirc  il  can  pafs  through,  and  confe- 
quemly  the  furface  of  contaft  he  very  great  with  a  compara- 
tively fmall  (juanlity  uf  metal. 

I  (ifted  tlirough  this  copper  Geve  fome  tilings  of  zinc  intoa 
tin  plale  laid  on  the  cap  of  a  gold  leaf  cleflrometer,  and  Iha 
gold  leaves  diverged  near  an  inch  with  pofilive  cleflriclty. 
when  about  lialf  an  ounce  of  filings  had  been  filled  into  it. 
Encouraged  by  this  (Irikinj;  relull,  1  procured  lieves  and  (ilingt 
of  different  meiaN.  The  refults  of  the  trials  wilh  them  are 
contained  in  the  following  i.iblc ;  where  P  ftands  for  pofitive 
elcflricity,  N  for  negative,  and  when  il  was  not  (Irong  enough 
toeffefl  the  elearomctfr,  Ihat  i*  denuitd  by  O, 
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Zinc 
Lead 
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P.  exce«ding  weak 
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In  all  the  above  experiments  there  was  a  large  fur  face  of 
contafl,  and  llic  eleflrometer  only  was  \i(kil ;  bul  in  ihofe  made 
by  Cavallo  and  others  who  bad  a  very  fmall  t'urfacc  of  contafl, 
dedrical  ligD«  could  not  be  made  to  appear  without  the  help 
of  doublcrs,  niulltplicra,  &c.  uf  tleflricily.  I  Ihtreforc  think 
there  can  be  nodoiabt  about  tlie  Tcparating  the  roeUls  (lomcon- 
laft  being  the  caufe  of  Iheir  appearing. 

If  yoti  think  the  above  wocihy  of  a  place  in  your  Phliofophi- 
cal  Journal,  you  will  very  much  oblige  me  by  inl'erting  it  therein. 
1  B.m  your  obedient  humble  fcrvant, 

WM.  WILSON. 
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Analytical  Erpcrimmis  nnrf  Ohjirrationt  on  Lac.  By  Charles 
HATCHtTT,  Efi].  Partly  abridged,  but  chiefly  cTlra&ed 
from  the  Pkilofophicai  Tranpaianifor  1 804-,  by  W.  N. 

i.T  it  uncertain  at  what  time  the  ufeful  fubllance,  called  Lac,  ufet  of  lie  p»>l 

fiifl  became  known  in  Europe.     It  han  long  been  ufed  by  Uie  "'  '   ' 

Indians  Cot  purpofe?  different  from  ihofe  lo  which  it  is  applied 

■D  Kurope.      In  particular  as  Mr.  Wilkins  informed  the  author,  Aqgeom  folutian 

they  ditTolve  Iheli  lac  in  water  by  the  addition  of  a  little  borax,  ^i;  f^^"  »ff"'^' 

and  by  adding  lamp  black  or  ivory  black,  tliey  obtain  an  ink, 

not  eafily  afTefled  by  water,  when  dry. 

The  natural  biAory  of  lac,  which  i«  the  nidus  of  thecoccus  Niiunl  hiA 
or  chermei  lacca,  has  been  detailed  by  Mr.  Kerr ,  Mr.  Saun-  "^  '"■ 
ders,  and  Dr.  Roxburgh,    in  the  Philofophical  Tranfaaiani 
for  1781,   1789,  and  1791.     It  is  diliinguidied  into  four  kinds,  Poui  kind 
of  which,  however,  only  three  are  commonly  known  in  com- 
merce, viz.  Dick  lac,  feed  lac,  and  Ihell  be;  the  diflercnce 
of  tbefe,  with  that  of  the  fourth,  called  lump  lac,  is  as  follows. 

1.  Stick  lac,  ii  the  fubllance  or  comb  in  its  natural  flatSi  i, 
incratting  fniall  branches  or  twigs. 

'Z.  Seed  lac,  is  faid  (o  be  only  ttie  above,  which  has  been  fe-  i, 
paraled  from  the  twigs,  and  reduced  into  fmall  fragments;   but 
i  fufpefl  It  lo  have  undergone  fome  other  procefs,  as  I  have 
fom>d  the  beft  fpeciioens  to  be  very  confiderably  deprived  of 
the  colouring  matter." 

S.  Lamp 

*  Mr.  Wilkini  informs  me  that  llie  crude  lac,  at  itit  taken  from 
ihe  branchcg  and  twigi  of  the  trcoi  ii  flfu ally  deprived  of  in  colour- 
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^^^■fMnp  be.  3.  JLuinp  lac,  ii  formed  from  feed  lac,  Iii{ue6ed  by  fire,  i 

^^^H  formed  bio  cakes.     And, 

^^■sbeUU.  4.  siiell  lao,  according;  to  Mr.  Kerr  and  Mr.  Saonderc,  i) 

^^r  prepared  from  llie  celli,  liqutlied,  (trained,  and  formed  inio 

thin  Iranfparent  laminx,  in  the  iollowing  manner. 
How  made  from      "  Separate  Ihc  cells  Irom  the  branches;  break  them  into  fmBlI 
the  «elli.  "  pieces ;  throw  iliem  into  a  tub  of  water,  for  one  day  i  walh 

>"  off  ihe  red  water ;  dry  the  cells,  and  with  them  till  a  eylindri- 
"  cal  lube  of  cotton  cloth,  two  feet  lon^,  and  one  or  two  irwhei 
"  in  diameter;  lie  bolh  ends,  and  turn  the  bag  above  a  charcoal 
"  fire;  as  the  lac  liqaeties,  twift  the  bag,  and,  when  a  fuScient 
"  quantity  ha(  tranfuded  the  pores  of  Ihe  cloth,  lay  it  upon  a 
'*  fmoolh  junk  of  the  plantain  tree,  and  witliaftrip  of  the  plan- 
"  tain  leaf  draw  ilinloa  thin  lamella;  take  it  off  while  fiexible, 
•■  for  in  a  minute  it  will  be  hard  and  brittle."  f 
The  degree  of  prelTure  on  Ihe  plantain  tree,  regulates  (ac- 
cording to  Mr.  Saunders)  the  thicknefs  of  the  (hell ;  and  the 
quality  of  the  bag  determines  its  iinenefs  and  tranfparency. 
Lie  !i  moAt*  Aflam  furnilbes  the  greateft  quantity  of  the  whole  of  ihe  lac 

IimI  tram  AI&iD.  now  in  ufe.  J 

ic&  ou»lJtT.  ^'^'  ^^"  (fpeaking  of  flick  lac)  obfervei,  that  the  beft  lac 

is  of  a  deep  red  colour  ;  for,  if  it  ii  pale  and  pierced  at  the  lop. 

Ihe  value  it  Hiniiniflied,  becaufe  Ihe  infeds  have  left  Iheir  cells, 

and  confeqiienily  thefecan  be  of  no  ule  as  a  dye  or  colour,  but 

I  probably  may  be  better  for  varnilhes. 

The  feed  lac  which  I  have  examined,  contained  but  little  of 
the  colour iiig  matter,  and  appeared  {as  I  have  already  obferved) 
to  have  undergone  fonie  proceHi  of  purilicaiiDn;  but,  of  all  the 
varieties,  (liell  lac  contains  the  leafl  of  the  tinging  fubflance,  as 
may  well  be  eypefled,  when  the  mode  of  preparing  it  is  con- 
fid  eied. 
Chenifti  ban        It  is  remarkable,  that  although  lac  has  been  known,  and  im' 
paid  litdc  iiun-  ported  into  Europe,  during  fa  long  a  time  that  ihe  dale  cannot 
Hon  n  Ik.         ^^^^  ^^  afcertained,  yet  ll  has  but  lillle  atlraded  ihe  attention 
of  chemilt^. 

^ing  mstterby  boiling,  having  been  prcvionfly  reduced,  by  pouodlng 
inio  finsU  fragmEnis,     In  Beng:i!,  ihe  filk  dyers  arc  the  people  wlio 
ihui  produce  what  we  call  the  lecd  lac,  which  they  do  for  the  fake 
of  the  colour. 
i  Phil.  Trani.  1781,  p.  378.  J  Phil.  Trruif,  1789,  p.  109. 

4  .  The 
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The  firft  chemlft  of  eminence  wbo  menttont  it,  and  ihe  only  Experimenti. 
one  who  liai  fubjefled  it  to  any  thing  like  a  reguRir  examination,  ^"^  ''* 
ii  Ihe  younger  Geoffrey,  whnfe  Paper  is  publidied  in  the  Mim. 
dcl'Acad.  ihParis  for  the  year  UlU*  In  this  Paper,  Mr. 
GeoffiDj  Teems  lo  have  been  chieHy  induced  lo  examine  it  on 
account  of  its  tinging  fubflanec;  hul  he  neverihelefs  \\a^  not 
negleded  Ihe  fubDance  which  conftUuIes  the  cells.  This  he 
confidefs  to  be  a  fort  of  waxj  very  diftinfl  from  the  nature  of 
gum  or  refin.  But  it  is  lo  be  obferved,  thai  he  formed  thit 
opinion,  nollo  much  upon  (he  refulls  of  chemical  experiments, 
a*  opon  the  cellular  conlirufiion  obferved  in  the  flick  lac, 
which,  as  he  judly  remarks,  demonOrates  it  to  be  formed  by 
infefli,  arter  the  manner  that  Ihe  honeycomb  informed  bybee.<t 
and  Ihal  it  is  not  therefore,  as  fome  liBve  fuppnfed,  a  gum  or 
refin,  which  has  exuded  from  vegetables  limply  pun3ured  by 
mfefls.t 

GeofTroy  and  Lemery  obtained  from  be,  by  dinillalion,_«idLea,m^j 
fome  acid  liquor,  ami  a  bulytaceous  fubHance,  Mi>reover, 
GeofTroy  obfervus,  that  when  llick  lac  was  thus  treated,  fooie 
ammonia  was  alfu  obtained,  but  not  when  feed  lac  was  em- 
ployed. 

He  alfo  menlions  another  fort  of  lac,  brought  from  Mada- Anathcrlic 
gafcar,  and  called  by  ihe  natives  Lit-uUil}k.     This  fubfiancc,  '"^'^^^  *fV"' 
he  fay*,  is  fcarcely  id  be  d i ft ingu idled  from  bees-wax,  which  it  pe-l» of  Chlov 
much  refembles  in  coUiurand  odiiur;  and  that  it  is  produced  by 
n  grayilh  infcA,  much  larger  ihan  the  chermes  lacca.     It  is  evi- 
dent however,  from  Geoffroy's  defcriplion,  that  this  fubflance 
is  very  different  fiom  the  common  lac ;  and  there  can  be  liiile 
doubl,  but  thut  it  i'  the  fame  as  that  which  wan,  a  -tew  yeari 
ago,  examined  by  Dr.  Pearfon,  under  the  name  of  «liile  lac, 
a  lubflance  rcfeniblin;;  the  P^-la  of  Ihe  Chinefe.  J 

GeoSVoy  (as  I  have  (tale  J)  conGdered  lac  as  a  fort  of  wax.  Hotiou  of  cbc- 
and  fincc  hii   time  it  has  fcarcely,   if  at  all,  been  fubjefled  to  '""'•  «»<wiiot 


I 


e  Lncque,  el  fur  Its  autre*  Mitiiret 
nturcdc  Pourpre.    Pv.'M.Gcoffrojr 


*  ObfErvatians  fur  la  Gomi 
aniinalci  cjui  fuiirniirf nt  la  Tc 
le  jcune.     Mim-  del'Atad.  V 

*)■  Mr.  Kerr  Dbf<:rvi;>,  that  as  3  red  fubflance  is  obtained  by  inci- 
Gon  from  tlie  )>bfo  tret,  very  anaioguus  to  Uc,  it  ii  probable,  that 
theinfcfit  have  little  Iioubk  in  inimatiiingitKrHp  of  ihefe  trccB,  iu 
the  formaiion  of  ihtir  cells.     Phil.  Traii».  I7»l,  p.  377. 

I  Phil.  Trans.  1794,  p.J83. 

chemical 
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chemical  esaminalion  1  ii  is  not  ihererore  furprifing,  that  Ihe 
opinion*  ot'cliemins  concerning  it  have  been  various.  Chaptal 
adopts  Itie  opinion  of  Geoflfoy!  and  call%il  a  kind  of  waJC.j;" 
bm  Gron  t  afd  Foureroy  J  regard  it  at  a  liae  icGn. 

Cliemical  EipeHmnu  on  Lac.     Its  Hohiiuda  vnth  Solve 
Water 'exiMfls        I.  Waler  digefled  upon  powdered  fiicl:  lacbecomei  a 
thrtoloutftom   deep  crimfon  colour,  and  takei   up  about  10  per  cent. 

lac  gives  out  no  more  than  2|  or  3  per  cent,  and  Iliell  lac  only 
^  per  cent,  by  finiiUr  treatment. 
Alcohol  dltTalvei  1.  AIcoliol  dlirulvet  much  of  lite  lac,  taking  up  relin  in  a 
*^^'^ l^*"^'*'' cleat  folution  if  cold;  but  if  healed,  the  fuljtion  is  lurbld  and 
fcarcely  to  bs  rendered  Iranfpaient.  either  by  repofe  or  fil^ 
Iralion, 

The  reCn  ia  obtained  either  by  evaporating  the  folution  or 
by  pouring  il  into  waler  acidulated  wiih  muriatic  or  acetic  acid. 
The  reGn  which  is  thus  precipitated  may  be  feparaled  by  the 
filter,  it  aroourit?  to  67  or  68  per  cent,  in  (lick  lac,  and  to 
33  in  the  feed  lac.  Shell  lac  contains  SI  percent,  befides  10 
percent,  which  ii  defended  from  the  fpirit,  and  cannot  be  fe- 
paraledbutby  fubfequent  operation.  The  refin  is  Icfa  brittle 
than  other  refin. 
Vcgcubit  When  ills  fliell  lac  was  in  fmall  fragment:)  only,  thefe  after 

glaun.  (he  firfl  fcparaiion  of  the  refin,  retained  their  figure  and  were 

more  bulky,  ptinius,  and  clattlc.     The  eladicity  was  deflroyed 
by  boiling  water,  and  the  matter  itfelf  proved  to  be  of  the  na- 
ture of  vegetable  gluten. 
-  Iiheraffeaj  lie      3-   Sulphuric  elher  afls  lefs  powerfully  on  lac  than  alcohol 
vi^rgr  Unit.         Joes.     ItconGderably  foftens  thelac;  but  produces  little  other 

effefl. 
Sulphui'tc  aciil  4.  Concentrated  fulphiiiic  acid  (irfl  afts  on  the  colouring 
cmnrMitmto  ,na,ter ;  but  after  a  ftiort  digeftion  on  the  fand  bath,  the  fluid 
afli  on  the  whole  mafs,  and  become*  tirli  reddifh  brown,  and 
qfterwards  black,  fulphureous  acid  ga>  being  evolved,  and  the 
diief  part  of  the  lac  being  at  length  feparated  in  a  Rale  rcfem- 
bling  ciial. 


L 


•  Chaptsl's  Elcmsnls ;  Eiiglilh  edition.  Vol.  III.  p.  381 
■(■  Priocjplei  of  modtm  Chemiltry.    Vol.  I.  p.  3S8. 
t  Sjpime  tie)  CouKiiJftineei  thimiyuij.  Tome  V.  p.  C2i, 
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5.  Nilric  acid  applied  to  lac  emits  nilrout  ^as  at  lirfl,  and  ^"nt  kH  by 
(^ufei  the  l&c  lo  fweJl  much  at  the  fame  time  that  it  converli  it  ^c'difly^^ 
into  a  deep  opake  yellow  brittle  fuMance,  which  by  a  fufliciency 
of  nitric  acid,  and  contlnaancc  of  the  drgellioit  for  43  houn, 
isdilToIved.     Thefolulion  however  is  turbid,  and  when  poured  The  rolaijon  it 
into  a  large  quantity  of  diftilled  water,   drpotitu  fomo  y^l'^^-dijatj  depo&a 
tfli  flocculi,  which,  being  colleded,  are  foond  lo  be  a  fort  ol  ■  wm. 

The  III  I  rated  liquor  isofabright  golden  yellow;  and,  when  The  filtered 
faturated  by  ammonia,  changes  to  orange  colour,  but  doe*  rwt  foiudun  cootaim 
yield  any  precipitate,  nor  any  trace*  of  oxalic  or  malic  acid.  mi     . 

Thii  yellow  nitric  folulion  is  converted,  by  evaporalion,  inloiti  ptopcrtiei, 
a  deep  yellow  fubflance,  which  burns  like  refin,  but  is  foluble  ^'' 
in  boiling  water. 

The  alkalis  and  lime,  being  added  to  this  aqueout  ibiullon, 
do  not  produce  any  precipitate,  but  the  yellow  colour  is  very 
conGderably  deepened;  and,  by  evaporation,  an  orange-coloured 
fubdince  is  obtained,  which  is  Hill  eafily  foluble  in  water,  and 
conKds  of  the  deep  yellow  fubllance  iLbove-mentioned,  coiO- 
btned  with  the  alkali  or  lime. 

S.  Muriatic  acid  difTolvBs  the  colouring  matter  and  glslen  ^;  I^U'^'^c adl 
of  be  t  but  il^  aaion  on  thefe  is  foeWe,  unlefs  the  refin  has  b«m  *oto!™,''^,tiM 
previoufly  feparated.  md  glmcn. 

7.  Acetoas  acid,  tn  its  eflefls,  much  refembles  muriatic ?■  Acetouiaeidi 
acid. 

8.  Sttcit  lac,  feed  htc,  and  fliell  lac,  are  partially  dilToIved  by  S.  Atuic  icid 
•cetjc  acid  j  and,  if  this  be  healed,  a  confiderable  portion  is  »^»  "po"  "■< 
taken  up.  wu. 

ThedilTolved  part  confift^of  the  colouring  eflraft,  of  refin, 
and  of  gluten  ;  the  wax  being  the  only  ingredient  which  i*  in> 
(bluble  in  Ihit  mcnltruum ;  but  a  portion  of  the  tormer  fubHancei, 
being  enveloped  by  the  wax,  are  protected  from  the  aftion  of 
the  acetic  acid. 

The  acaiic  foliition  of  lac  becomes  lurbtd  when  cuM,  and 
depoGis  part  of  the  refin;  a  portion  however  remains  in  fi>tu- 
lion,  and  may  be  precipitated  by  water  ;  sflerwhich,  the  liqaor 
retains  fome  gluten  and  coloitring  extraA,  which  may  be  pre- 
vtpitatedby  faiuraling  the  acid  with  an  alkali,  and  by  fubfequent 

For  the  rcaioni  above  Haled,  it  would  be  difficult  to  effef)  ■ 

complete  fdulion  of  lac  by  means  of  acetic  acid  ;  but  ihn  najr 

Vox.  X.— January,  1803.  E  neverthelcb 
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neverthelers  be  advantageoufly  employed  In  aiwlyticnl  opera* 
tioni,  when  alter nately  ufed  with  alcohol. 
Bdtujc  xld  9'  A  faturated  roluiioii  of  boracicacid  in  water,  dilTolvei  the 

ftittely  iQi  on   colouring  exirafl ;  bul,  as  the  eflefl  do«  not  fuipafs  that  of 
water  alone,  we  may  conclude  thai  lac  ii  lililei  if  at  all,  aCled 
upon  by  boracic  acid. 
BariircudBtit       10.  It  hai  been  already  flated,  thai  fub-borate  of  Coda  or 
felubk  in  w»ter.  (jj,^3j^  ^jjj  ^  powerful  eff^a  on  lac,  fo  as  to  render  it  foluble  in 
water;  and,  ai  the  preceding  expenments  prove  that  boracic 
acid  alone  fcarcely  afls  upon  lac,  tliere  i»  every  reafon  to  be- 
lieve, thai  the  excefs  of  foda  prefent  in  borax  is  the  aflive  fub- 
tlance;  and  this  conclulion  will  be  confirmed,  by  the  refulu  oi 
fubfequent  experiments  made  with  the  alkalis. 
Profoction,  &c.      In  order  to  render  lac  (cfpecially  Ihell  lac)  foluble  in  water. 

I  about  -f  of  borax  h  necelfary  ;  and  this  may  be  previoufly  dif- 

(blved  in  the  water,  or  may  be  mixed  and  added  together  with 
I  the  lac. 

I  The  beO  ptoporlion  of  water  to  that  of  lac  is  I S  or  20  to  I . 

K  So  that  '20  grj.  uf  borax,  and  four  ouncesof  waFer,  are,  upon 

B.  an  average,  requifite  to  dilTolve  1 00  grs.  of  Ihell  lac  j  but  more 

B  '  water  may  be  uccafionally  added,  to  fupply  tlie  lofs  caufed  by 

^^  evaporation  during  the  digellton,  which  (hould  be  made  nearly 

F^  in  a  boiling  heat. 

^  This  fulution  of  fliell  lac  ii  turbid,  and  of  a  redd iflj -brown 

m  colour  ;  when  confiderably  diluted  with  water  and  agitated,  a 

^  weak  lather  is  lurmed  ;  it  ii  decoropofed  by  acids,  and  the  lac 

V  is  precipitated  in  yellow  flocculi,  which  do  not  apparently 

W  differ  from  the  lac  originally  employed. 

Thr  foluiioa  Is       The  general  propcriiei  of  the  folulion  Ibew,  that  it  it  a 
« fog^oi  dUEcuU  faponacgou,  compound,  which,   being  ufed  as  a  varnifli  oi 
^'  vehicle  for  colours,    becomes  (when  dry)  difticultly  foloble 

in  water,  although  this  was  the  liquid  employed  to  form  the 
folulion. 

A  while  thick  fcura  or  cream  collefls  on  the  furface  of  thii 
liquid,  after  it  has  been  futTered  to  remain  tranquil  for  fome 
time,  and  is  found  to  be  produced  by  a  fort  of  wax.  which  I 
ftiall  more  particularly  notice  when  the  analyfes  of  the  va- 
jieliet  of  lac  are  defcribed ;  but,  in  the  prefent  cafe,  tht«  wax 
appeared  in  fome  degree  to  be  converted  into  an  almoft  info- 
Jublc  foap  by  the  alkali  of  the  borax,  and  may  be  regarded  u 
the  principal  caufe  of  the  lurbidnefs  of  (he  folution. 

Ji.Tht 
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1 1.  The  lixivia  of  pure  fuda  and  of  carbonate  of  Wa  com-  5oi»  ■■ 
pletely  diirolie  the  difFerenl  kinds  ul*  lac;  and  ihefe  folutiuns ^"J"'* 
exactly  refemblu  thule  formed  by  means  of  borax,  excepting 
that  Ihey  are  deeper  ctilnurcd. 

Bather  IcU  llian  \  of  carbonate  of  foda  lii  required  to 
dilTolve  (lie)]  lac;  and  this  Ibluiton,  M'hen  dried,  ii  fooner 
affected  by  damp  or  water  than  the   lolulion  prepared  by 

1'2.  Lixivium  of  pure  or  caulltc  polatb  fpeedily  difliilvei  the  Alfopotiki- 
varielies  of  lac,  and  furmt  faponaceoui  fululions,  fimilar  to 
thai  in  which  borax  wa;  employed,  esclulive  of  the  colojr, 
whith  is  deeper,  and  more  approaching  li>  purple. 

Lixivium  of  carbnnate  of  pula<b  exlrafti  a  great  part  of  the  and  iti  tail 
colouring  matter,  but  does  not  form  fo  complete  a  folullon  '"* 
of  the  enlirtt  fubllance  ot  lac,  as  when  pure  polalh  h  em- 
ployed. 

The  above  alkaline  folutions,  by  repofe.  afford  the  waxen 
foap  which  has  been  menlionL-d  ;  and  acidt,  being  added  to 
thefe  folutioiii,  and  to  that  formed  by  borax,  precipitate  the 
lac  in  a  flocculeut  (late,  and  of  a  yellow  or  bu/T  colour,  which 
precipitate,  when  melted,  becomui  limilar  to  tlit:  lac  ori- 
ginally employed.  If  however  an  alkaline  folution  of  ftiell 
lac  (prepared,  for  inflance,  with  fodaj  be  gradually  dropped 
into  a  fuHioient  (juantity  of  muriatic  acid  diluted  with  an  equal 
portion  of  water,  and  nearly  healed  to  the  boiling  point,  and 
if  aflet  boiling  the  whole  for  about  one  hour  the  coagulum. 
be  feparated,  and  the  clear  !ii|uor  be  carefully  faluratcd  with 
foda,  and  again  made  to  boil,  a  fmall  quantity  oF  a  flocculent 
precipitate  ii  obtained,  wliich  was  louud  to  be  analogous  to 
precipitated  vegetable  gluten,  combined  with  lome  of  the  co- 
louring extras. 

la.   Pure  ammonia,  and  carbonate  oF  ammonia,  readily  afl  Anunonli  i 
upon  the  colouring  matter  of  lac,  but  do  not  completely  difliilve  P'^'")'- 
the  entire  iuhllance. 
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lytical  Eiperimeiitt  on  Stick,  Scfd,  u<\d  SlteU  Lac. 
Lac,   placed   on    a  red   hot   iron,  conlrafla,  melli.  fmokesProdafh  of  Im 
much,  and  leaves  a  fpongy  coal      Slow  dilldlalion  carried  to  ^f^f,^,^^'* 
tb«  red  beat,  gave  from  liick  lac,  1.  Water  Uightly  acid,  10  j  Stick  1m. 
E  2  S.  Thick 


r 


2.  Thick  brown  bulyrareoai  oil,  59;  3.  Spongy  coal,  13f; 
4.  A  fmall  portion  ol'  cttrbonaie  nf  amcnonia,  wiih  carbonic 
Bcid,  catbonaled  hidrogen,  and  hidrogen  gas  by  eftiniate  I7f,  ^ 
Sc<d  fax.  Seed  lac,  by  (he  fame  procefs,  gave,  1 .  Acidulated  waler,  &iM 

2.  Thick  oil,  Gl  s  3.  Spongy  coal,  7  !   V.  Mixed  gas  as  before»l 
but  without  ammonia,  26. 

SheUljc.  Shell   lac  gave,     I.   Atiduialed   water,    6;    2.    Oil,    65'}^ 

3.  Spongy  coal,  7|- ;  +.  Mixed  gas,  21 
The  coal  of  ihii  laff  gave  one  grain  of  albes  after  combat  J 

lion,  which  contained  a  muriate,  probably  of  foda.    Ther 
I  wai  alfo  a  liittc  iron,  atid  foroc  particles  of  fand,  probat 

extfaneoui. 

Jnal^  of  Siivk  Lack. 

Powdered  nick       A.  200  grains  of  (lick  lac,  picked  and  reduced  to  powdeT^^ 

'jdaS"™ciwa  *"^  digefted  in  a  pint  and  a  half  of  bmling  diftilled  w 

to  wjta.  daring  12  hmin.     The  ii()uor  was  iranfpBrenl,  and  of  a  beau- 1 

liful  deep  red  ;  this  wa5  decanted  into  another  velTcl ;  and  ttMtV 

^^K  operation  was  repeated,  with  frelh  portions  of  waler,  until    ' 

^^^B  it  ccafed  to  be  tinged  ;  ihe  lac  then  appeared  of  a  pale  ye)< 

^^H  lowilb-brown  colour. 

^^F  The  whole  of  the  atjucous  folulion  being  evaporated,  left  > 

'  deep  red  fubdance,  which  polTclTeil  the  general  properlies  dim 

vegetable  exlrafl,  and  weighed  18  grains.  9 

Altuhol  tbf>  B,  The  dried  lac  was  digefled  for  4S  hours,  wiiliout  heal,  ^ 

rfil"'"""''  '"  «ig*"een  ounces  of  alcohol;  and  Ihe  clear  linflure  being 
cautioufly  decanted  different  portions  of  alcohol  were  added, 
and  (lie  digeHion  wai  repealed,  until  the  alcohol  ceafed  to 
produce  any  elfe^. 

The  whole  of  the  folntions  in  alcohol  were  then  poured  into 
I  difiilled  waltr,  which  was  heated,  and  an  attempt  wai  made 

to  fepara(e  the  precipitated  fubDance  by  filtration ;  but,  as  thti 
did  not  fucceed,  on  account  of  the  filler  fpeedily  becoming 
clogged,  the  whole  was  fubjefled  lo  gentle  diHillatiotl ;  )jf 
which,  a  brownidi-yellow  relin  was  obtained,  amounting  in 
r  weight  lo  136  grains. 

I  C.  The  remainder  of  i!ie  lac  was  agahi  iligefled  in  boiling 

difiilted  water;  by  which,  2  grains  of  Ihe  colouring  extras 

were  obiuined. 

Diluted  muriitit      D.  The  rciidunm  was  (hen  digelled  wiilt  one  ounce  of  aw- 

ft^m**^  rt"."^  ri»ii«  acid  diluted  with  tv»o  ounces  of  waltr,  which,  by  boil. 
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ing,  became  of  a  bright  pale  led,  but  dunged  to  purple, 
when  faluraled  with  afululion  of'carbonsle  ofpoiaOi. 

A  Si>ccul':ni  iirecipitalc  wa«  ihus  obtained,  wliicb  pofleflcd 
the  duttaflers  of  precipiuied  vegelable  glulen  combined  with 
foine  of  Ihe  colouiing  exirafi;  ihis,  wlien  completely  dried, 
weighed  1 1  grains. 

£.  There  now  remaineiJ  Ob  grains,  which  evidently  con- ' 
lifled  of  a  fort  of  wa^,  mivcd  nilh  fniall  [>arlE  of  twigt  and  ' 
other  extraneous  fubftances.  ' 

A  part  of  the  wax  was  leparaled  by  heal  and  prelTure  in 
a  piece  of  linen;  and  another  portion  was  feparated  by  di- 
gefiioB  io  olive  oil,  which  alliiiiied  tlie  conllllency  of  an 
unguent. 

Tbe  reCduum  was  then  boiled  with  lixivium  of  potaOi,  snd 
became  tinged  with  purple,  in  confequence  of  fome  of  the  eg. 
loiiring  extrad  which  had  not  been  diffolved  by  the  preceding 
operalionc. 

The  undilTolvcd  part,  now  confiding  only  of  the  extraneoui 
vegelable  and  other  fubttances,  weighed  13  grains;  fo  that 
ibe  wax,  with  a  tmall  poriion  uf  the  colouring  extract,  may 
be  eflimated  at  12  grains. 

By  the  nbovc  proccfs,  '2i.)0  grains  of  ftick  lac  afforded, 
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\'  ^  Colouring  extrafl 

;,     Refin  .... 

).     Vegetable  ginlen 

r  Wax,  with  a  little  coIounDg  exIraCl,  about 
"  \  £xlraneoui  fabAancei 


Go.  of  ftick  lu. 
20 
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ebecn  defcribed,  and'^  "^ '"" 


Anal^u  rif  Sad  Lac. 
200  grains  of  very  pure  feed  lac  were  fubjcSed  to  oper.CompoDcntpi 
aliens  very  llmilar  to  thofe  which  hat 
affiirdcd. 

Colouring  nctrafl 
Kefin      .... 
J^  Vegetable  gluten 

rwax    .... 


Aaulj/fu 


wit.    HATCHtTT's 


^ralyfit  «/  SlicU  Lac. 
of  Ihis  (abflatice  were  finl  trealed  wilh 
aler,  as  above-men  I  ioned,  and  yielded  of 


then  look  up 


wheo 


Shell  lie  hdici       A.   500  grain! 
ilirk«DVa*     boiling  diftilled  * 

I  lire  eiD>    .       ^^^^^f^  ^^^^^  ,^  ^^ 

I        Rtfidue  gm  B.  The  497,50  grains  wiiich  remained,  were  ihen  ili( 

L       SpAlrf^''"'     *■'''  '''f"^"'  porlions  of  cold  alcohol,  until  tliis  ceafed 
^H^  produce  any  eileflj    Ihe  refin    which    was  thus  fcparated, 

^Bb  arnouoted  lo  W3.30  grains. 

^HB  C.  A;  the  flicll  lac  had  not  been  reduced  into  powder,  but 

^B  only  inlo  Imall  fragiDcnts,  .iliefe    were    become   while  and 

elaflic,  and,  when  dry,  were  briiile,  and  of  a  pale  brown 
colour  J  the  whole  then  weighed  9i  grains, 

D.  Thefe  94  grains  were  digelled  in  diluted  muriatic  acid ; 

id  the  acid,  beitig  afterwards  falurated  with  folulion  of  car* 

bonalc  ol  polafh,  ailbrded  a  Ai>ccit1ent  precipitate,  (refembling 

that  obtained  I'rom  folutions  of  vegetable  gluten,)  wbicbi 

dry,  weighed  i  grains, 

Auiic  icW,  b)r      E.  Alcohol  aCted  but  feebly  on  the  refiduum  ;  It  was  tl 

i^tp'i^fio"lnd'*'f^  P"'  '""'  "  matrafs,  wilh  three  ounces  of  acetic  acid,    .__ 

w«  i  ihr  litter  was  fuffured  lo  digefi  without  heat  during  (is  days,  the  veffHi 

J'^"^"?™*".^.  being  at  times  gently  (hakcn;  the  acid  thus  alTumed  a  pale 

brown  culour,  and  was  very  luibid.     The  whole  was  ihCD 

added    lo   half  a-  pint    of  alcohol,   and    was   digelled   in   a 

fand-balh  ;  by  which  a  brownilh  linflure  was  formed,  and 

at  the   fame  lime  a   quantity   of  a  whitilli   llocculenl  fub- 

llance  W3<  depofited,  which,  being  collefted,  well  wefbed 

with  alcohol  en  a  filter,  and  dried,  weighed  20 grains. 

This  fubflance  was  white,  light,  and  flaky,  and,  when 
rubbed  by  the  nail,  it  became  glnlly,  like  wax  ;  il  alfo  ealily 
melted,  was  :ibforbed  by  healed  paper,  and,  when  placod 
on  a  coal  or  hot  iron,  emitted  a  fmoke,  the  odour  of  whidi- 
very  much  refenibled  that  of  wax,  or  rather  fpermaceti. 

F.  The  fnlulion  formed  by  acetic  acid  and  alcohol,  being 
filtrated,  wa)  poured  into  diflilled  water,  which  immediately 
became  milky  j  and,  being  heated,  Ihe  greater  part  of  the  rcGn 
which  had  been  dilliilved  alTunied  a  curdy  form,  and  was  partly 
feparaled  by  a  filter,  and  porlly  by  dilltlling  off  tlie  liquor; 
this  portion  of  refin  amounted  to  51  grains. 

G.  The  filtrated  licjuor,  from  which  this  refin  had  been 
feparaled,    was    faturuted   with  a  folulion  of  carbonate  of 

potaQi} 
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nGo  bj  water- 


pntali  ihicw 
iovra  (bine  n 
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polalh ;  and,  being  heated,  &  fecond  precipitate  of  gtalm  vns 
oblained,  which,  when  well  drieiJ,  weighed  9  grains. 

The  500  grains  of  fliell  lac  thus  jielded.  Coinporwat  pi 


A.     Exlrafl 
S-Uefin 


2.50 
454.50 


J  Vegetable  gluten 


The  mode  of  analjfis  adopted  for  the  fliell  lac,  muH  un-A<'''""»(«rf 
doubledly  appear  lefs  (implc  than  ihal  which  was  eroployed^j^j^'"**^'  J 
for  feed  and  fliclt  lac:  but,  upon  the  whole,  it  was  attended 
with  advantages;  for  the  (hell  lac  being  in  froall  fragmenli, 
and  not  in  the  Hale  of  a  powder,  confiderably  facilitated  (he 
decanlation  of  the  folution  in  alcohol  from  the  rellduum  ;  and 
although)  in  this  laft,  a  portion  of  the  refin  was  protected  from 
the  action  of  the  alcohol,  by  being  enveloped  In  the  gluten 
and  wax,  yet,  by  the  afCflance  of  acetic  acid,  the  remainder 
of  llie  refin,  ai  well  as  the  whole  of  the  gluten,  were  diffolved; 
Ilie  wax  was  obtained  in  a  pure  Date;  and  a  reparation  o( 
the  relin  from  the  gluten  was  afterwards  eafily  elTeded,  by 
the  method  which  has  been  defcribed.  As  therefore  acetic 
acid  is  capable  of  dilTolving  refin,  gluten,  and  many  other  of 
the  vegetable  principles,  it  certainly  may  be  regarded  as  a 
very  ufeful  folvent,  in  the  analylis  of  bodies  appertaining  to 
the  vegetable  kingdom. 

From  the  refults  of  the  preceding  snalyfcs  it  appears,  that 
the  different  kinds  of  lac  confifl  of  four  fublances,  namely, 
exirac),  refin,  gluten,  and  wax,  (he  feparate  propertiei  of 
which  (liall  now  be  more  fully  confidered. 


fVie  CoMlufuin 
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Galvamc  IlUtfirations  and  Remark*.    By  C.  Wii 
To  Mr.  NICHOLSON. 


criA 


,  Gle/gow,  Dec.  9,  JSOt, 

l.;\VING,  during  my  galvanic  lour,  been  occafionall)>  in- 
formed ihal  Ihe  atlempC  I  have  made  in  my  Elmnents  of  Gal- 
vanifm,  to  explain  ihe  laws  of  galvanifm  on  the  more  perfed 
and  imperfeS  conduflors,  is  not  fo  clear  as  it  was  my  vnHb  LO 
have  rendered  it;  I  Iliall  iherelore  deem  royfelf  much  obliged 
by  ihe  infertion  of  llie  follovring  oblecvationi  in  }'Our  valitabl* 
Journal. 

The  power  of  a  galvanic  apparatus,  foimcd  of  platei  not 
lefs  ihan  2|  inches  in  diameter,  on  animal  ritbitancet,  ii  di< 
reftly  as  ihe  number  of  plales ;  on  ihc  more  perfed  conduc* 
lorSj  as  roetaU,  ihe  power  is  as  you  have  at  large  Haled  ip 
your  lafl  Journal. 

Lei  m  fuppdfe  three  galvanic  plales :  Fis-  I,  (Piatt  II.} 
of  four  inches;  Fig.  1,  of  (Ik  inches;  and  Fi^.  3,  of  ej^ht 
inches :  An  arrangement  of  tliefe  in  the  form  of  a  galvanip 
trough,  produces  equal  effects  on  animal  fubflances,  provided 
the  number  be  equal. 

Animal  fubdance  is  very  little  fuperior  to  water  in  its  coii> 
during  power  j  and  (he  experiments  of  Mr.  Cavendilh  have 
proved,  that  the  condudin^  powers  of  iron  are  a  million  limei 
greater  than  tlie  conducing  povveis  of  walcr. 

A  metal  brought  into  contact  with  another  meiel  difpofed 
to  pari  with  a  quantity  of  its  compound  eleflricily,  will  divida 
the  quantity  thus  difengaged,  becaufe  its  capacity  for  recnyiog 
il  is  equal  lo  thai  of  the  metal  under  the  cliemical  aAion. 

Animal  fubHance  brought  into  conlad  with  a  metal  Gmi- 
larly  difpufed,  will  only  receive  a  portion  adequate  to  its  ca- 
pacity; and  as  this  capacity  is  in  the  ratio  of  its  conduCUog 
powers,  il  will  be  nearly  one  million  limes  inferioi  in  capacity 
to  that  of  a  metallic  fubHance ;  and  will,  therefore,  abfbvfi 
only  fo  fmall  a  proportionate  part  of  eleflricily  lo  render  its 
JDtenlilj'  e(^ual  to  ibat  exifling  in  the  galvanic  plate. 


'  OH  THt  GALVAMIC    CHAKCI,  &C. 

By  eleflrical  intenfily  I  underftand  ihe  qiianuim 
cily  multiplied  by  Ihe  refilling  potwera  of  the  fdbllance  lo  ad 
mil  il.  Lei  us  Tuppnfe  ihc  plates  I,  2,  Bud  3,  ijirpofed  lo 
give  dot  eleftrkily  on  every  aflijinable  poinlof  Ihetr  refpec- 
live  furlktes.  A  linger  applied  at  No.  I,  Fit;.  I,  will  abliraa 
a  certain  portion  oi'  ekdriclty  from  the  points  of  mela!  direflly 
in  contact;  a  certain  portion  of  eleAricily  viill  imraediately  Bb 
determined  from  the  fquares  2,  3,  4,  5,  6,  Stc.  from  every 
currefponding  fquare  on  the  furface  uf  the  plate,  by  that  ino< 
lion  vvhrih  Volla  lias  well  li;rmed  the  moii>-ele£lrical  p ovi'er : 
there  is  a  phyfical  reGllance  in  the  Iranrimflicin  from  thefe  te- 
fpeitivo  fquares  lo  Ihe  ^iR  touched  by  ihc  linger,  ami  lh« 
more  remote  ihe  greater  the  refillance ;  at  whatever  pointi 
thii  pliylical  refinance  (hat!  be  equal  to  the  capacity  of  ihe 
fubAance  employed,  there  all  furiher  tranfniiHion  mull  ceafe; 
this  reliilance  in  plates  of  '2j  inches  in  ihe  Iquare,  appear*, 
from  experimenl,  fully  adequate  to  ihe  conltant  fupply  of  (t> 
imperfej)  a  conduflor  a<  aniroal  fubliances,  and  therefore  any 
increase  of  fixe  in  tlif:  furface  of  the  plale,  will  produce  no 
additional  clfeds. 

When  a  certain  quanlily  is  thui  abdrafled  from  the  palf 
of  plates  at  the  exlremet  of  the  battery,  in  dired  conlaft  tvilh 
(be  ltn|;ers,  thefe  plates  and  the  inierpofed  fluid  in  the  cells, 
only  ad  a;  condufiors  lo  Ihe  next  pair,  and  fo  on  ;  as  the  V6- 
luciiy  ofdifchargesof  each  fucceflive  pair  is  foinlinitely  greater 
than  Ihe  lime  required  for  the  chemical  action,  is  the  rcafon 
why  the  effefli  we  experience  are  increafed  in  proportion  lo 
Ihe  numben :  if  we  were  lo  fuppofe  that  the  lime  required  tof 
the  fucceflive  difcharge  of  50  pair  of  pkles,  Iliould  be  pre- 
cifely  equal  lo  Ibe  lime  required  for  the  chemical  action,  we 
Hiould  derive  no  increafe  of  power  by  an  increafe  of  nurober, 
which  is  contrary  lo  experience. 

I  have  a  battery  formed  of  600  plates,  each  plale  only  ex- 
pofing  half  a  fquare  inch  in  furface :  To  experience  equal 
effeQs  from  lhi»  arrangement,  I  am  obliged  to  paufe  three  or 
four  minuiei  between  each  contact;  an  interval  of  lime  no 
ways  requifile  in  larger  plates. 

When  fuch  fuperior  conduflors  as  melaU  are  employed, 
Ihe  phylicat  refilUnce  of  Iranfmiflion  from  one  part  of  the 
>  lo  anolher,  bearing  no  prupotlioa  with  the  capacity  of 
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tfie  metal,  every  allignable  point  of  the  galvanic  plate  is  d 
cienl  at  ihe  fmne  limt.',  [herefore  ihe  InlenGl}  will  be  a: 
furrace,  and  ihc  powers  as  llie  rquares  of  ihc  inienfilies. 
I  am.  Deaf  Sir, 

YoQt'j.rerpeflfully, 

C.  WILKINSON. 
A't>,  19,  SokoSgimn: 


On  tlie  DniiTificmii 
pen  during  it 
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Fi  nf  Glafi  and  the  Phenomena  luliich  Ai 
Crt/jlailization.     By  Darticubs 


TJtreoB)  fufion 
AMn£t  fnun 
tbnof  ((to. 


arrangement 
on  c Infer  re- 
in fad  glafi 
i(s  furface  or  iti  /Vac* 
proper  TubAancSf.' 


30ME  philurophcn  have  confidered  glafs  as  a  cbryflatliz^ 
lion;  and  ihis  opinion  appears  natural  on  confidering  llie  Iranf- 
parence  of  glafi  or  of  cryflal,  Trom  the  latter  of  which  the 
term  for  Hcfignaling  (lie  regular  and  fpi 
of  the  particles  of  bodies  has  been  (aki 
fleflion,  this  notion  is  found  to 
never  affufls  a  crytialline  figure,  either 
ture;  it  never  prefcnls  chrj^dals  of  it* 

fuch  as  are  leen  in  mctaU  Howly  congealed;  and  whenever 
cry  Hals  are  formed  in  the  mafii  of  glafs,  they  are  foreign  to 
the  part  which  Hill  conlinnes  vilrilied;  they  may  becotiGderel 
as  a  Dcp  the  revcrfc  from  that  of  vitrification,  ai  I  Ihall  IhoW- 
in  tlii;  courfc  of  (he  ptefent  pap< 

On  the  firll  explanation  of  vitreous  fufion,  I  tnull  diningmlh 
and  feparate  It  from  the  fuiion  of  certain  other  bodiei  which 
flow  without  addition  in  Ihe  heat  of  our  furnacei,  fueh  as  bo> 
rax,  the  phofphonc  acid  and  others.     In  thofe  bodies  Ihe  coo» 

*  Tranllated  from  the  Journal, dt  Phyfique,  LIX.  5. 

Tlie  author  of  this  mtmoir,  who  is  proprietor  of  the  glaft-w 
and  other  eitabliftimcnt!!  of  Voneche  ^Sambre-et  Mtufe)  haf  ui 
nkcn  to  draw  up  for  the  French  National  Inftituie  a  irealife  oi 
art  of  g I  iifs- making,  !□  fervR  as  3  continuiiion  to 
of  the  Acidemy,     The  firft  part  is  in  raaiiitiefs  to  appear,  many  d 
the  plates  being  ready.     The  fecond  psrt  relates  to  tlie  ufei  of  g" 
in  (hr  art!.     And  the  third  part  con&lla  of  detached  memoin  n 
the  phyfical  ami  chemical  piopertiei  of  glala.     The  prtleoidiir 
tion  is  exttaiteJ  from  ane'of  thofe  meniolrt.—J,  C.  Dclamcthcrie. 

dcnfed  1 


DtvrtKiricATioH  ov  class.  59 

denred  heat  rofieni  and  renders  ihem  fluid,  and  they  more  or 
left  coiilinue  lo  exbibit,  when  cooled,  the  tranrparency  and 
fome  olhec  of  the  well  known  phyfical  properties  of  glafs. 

Hut  in  the  examination  and  dt-rctiption  of  tlint  lution  to  [c  .si  roluiinn 
■which  vitreous  compounds  are  fubjefteii  in  order  to  fit  Ibero  for  ''1'  ''"'• 
ibe  pufpofei  of  life,  it  is  neceffary  lo  obferve  that  ihe  eflefl 
arifes  from  two  phenomena.  Il  is  noi  limpl)'  the  rcfult  of  ac- 
(HiinuUled  heal,  but  it  is  jointly  produced  by  the  alTinities  of 
the  fubftances  which  enter  into  the  miKtute.  Thele  Jubilances 
which  lend  to  combine  and  muluallv  to  penetrate  each  other, 
»&  according  lo  Ihe  laws  of  iheir  affinities  as  foon  as  erer  the 
temperature  it  fulhcienlly  elet-ated.  Tims  it  is  thai  a  mixture 
of  feveral  earths  becomet  fufed  at  a  temperature  which  could 
not  have  rendered  any  one  of  lliem  Huid. 

The  common  vilrificatiiin  is  iherefore  ihc  refull  of  a  com- Naiarenf  the 
bination  elfcfled  al  an  elevaled  lemperalure  between  didii^reni  ^P"*"*!  * 
and  heterogenous  fubltanceci  and  the  prudud  is  a  compound 
perfedly  homogenous  more  or  lefs  Iranfparent,  e]a(1ic,  and 
breaking  in  a  peculiar  manner,  from  which  Ihe  term  vitreous 
traSure  is  derived.  This  body  k  a  remarkably  bad  conduclnr 
of  heat  and  of  ele^icity;  il  is  capable  of  becoming  foU  at  a 
IsropcrBlurc  inferior  lo  that  at  which  it  was  fufed,  fo  that  it 
rotnybe  rendered  pally,  dufiiie,  &f. 

The  phenomenon  during  which   all   thefe  properties  difjp- I^^'Cri^catiaa. 
peat  is  what  I  have  called  devitriticalion;  an  expredion  which 
may  at  tirli  feem  extraordinary,  but  which  the  facts  will  Diew 
to  be  perfectly  accurate. 

Several  philofophert  have  before  noticed  this  elTt;A;  fome''''''" 


bave  even  made  obfervaliont  upon  it,   and  have  noted  v 


-.oi^rr- 


ciroumdanccs  fcarcely  conne^ed  with  each  other;  but  I  am 
sot  aware  thai  any  one  has  yet  pubiifhed  a  feries  of  refearchet 
|)roper  to  explain  ihe  eFects,  fo  as  to  (hew  Ihat  it  is  one  of  the 
known  properties  of  all  naiuial  bodies,  being  in  foci  nothing 
more  than  the  prodiifl  of  a  cryllallizalion. 

Reaumur  firft  obferved  that  a  glafi,  more  efpeclally  if  il  be  Tlie pttweliin « 
compofed  of  difierent  earths,  as  buttle  glafs  is  in  general,  """'" 
may  be  decompofed,  and  lofc  its  iraiifparency  and  other  vi. 
Ircwit  properties.  Fully  occupied  in  his  refeurches  upon 
porcelain],  he  was  defirous  ol  applying  this  difcovery  to  the 
labrlcalion  of  potteriei,  and  attributed  the  phenomenon  lo  the 
fgbflances  in  which  he  had  cemented  his  glafs.  The  faA  was 
2  dcDomi. 
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denominated  the  cemenlaiion  of  glafi,  sod  (be  | 
called  Reaumgr'i  porcelain:  no  incident  could  be  tr 
uallv  calculated  to  retard  the  true  developcment  of  the  bd 
(idn  fiich  a  denomination  uf  this  Liod. 
!Upcbii«i>  of         f 'le   labuurs   of  Bofc  d'Anlic  upon   the  fame  objefi  we« 
*•  prjjtrfi  by    alf„  djrcfled  to  no  other  purpofc  ihan  that  of  obtaining  »  good 
,^at,  pottery  by  this  means,  and  of  afcertaining  what  cementi  were 

ihe  bed  calculated  to  give  new  properliei  la  thit  body.     Thus 
it  was  that  by  calling  the  procelt  by  the  name  of  ceinenlalion, 
whid)  depended  in  no  relped  upon  trhu  was  added  u  thece. 
mert,  olhert  were  mided,  ivhn  were  induced  to  follotv  ibe 
couife  of  experiments  already  began.      The  nalofal  cunie* 
quence  wac,  that  fcience  gaiiii-il  nothing  refpe^ing  (his  procefl 
lincc  the  time  nf  Reaumur.     iMany  have  lince  attempted  the 
cementation  of  glafi  without  perceiving  any  new  rdiill  in  the 
produfl. 
Obrrrviiisn  of       Several  peifunt  have  lince  admitted  ihc  properly  in  glafs  nf 
crjrilJli  In  e^'li- afford  i  tig  cry  Hals;    but   thefe  temaikt  being  more  efpecially 
made  by  artids,  placed  by  their  filuaiion  at  the  head  of  glafs- 
woiks,  have  not  alforiied  liie  fcienlitic  ci.'nfequence;  which 
miqlit  have  been  deduced  from  them.    TTiedireflorsot  agreat 
eflablilhcneiit  have  feldom  lime  to  dwell  upon  ihe  coniempla- 
licm  of  Imall  elR-d;;  ihey  sic  nbliged  to  allend  to  loo  many 
lhing<  al  Ihe  fame  time.     Tlicle  remaiks.  lliuugh  curious  in 
Ihcmfelves,  remained  wiihoul  cunnectton  ;  and  noonelliotiglil 
or  ventured  to  publiHi  that  the  crvllallization  nf  glafs,  and  ce- 
mentation by  the   procefj  uf  Keaumur  are  ablolutely  one  BUfl 
the  fame  thing. 
J    jrimenttirf       Sir  James  Ha!!,"  in  his  valuable  experiments  upon  whin* 
Sif  J<rr.c>  Hill   Rone  and  lava,  publifhed  in  the  14th  volume  of  the  Biblio- 
o n  V.  m  on  ,     jd^q^g  Britannique,  afcertained  the  properly  of  Ihefe  flonei  lo 
become  fufed  into  glafc,  and  lo  return  to  theflony  Aale,  ac- 
cording to  the  ci re um  fiances. 
H<  did  noc  pur.       He  called  lhi5  bft  fafl  a  devitrification.      He  (aw  ihat  it  wu 
^Jt  tJ^l'  'Ix  """l  of  a  precipiialio.1.  and  explained  it  in  a  manner  that 
■Ttiricul  pia.      was  highly  faiislaflory  and  Irue;  bul  being  loo  much  occupied  in 
'*'''"•  deducing  from  this  fact  arguments  in  favour  of  the  volcanic  geo- 

logy, he  ncglcSed  pursuing  Elie  intereliing  philofophical  confe- 
quences  to  which  the  phenomenon  pointed  the  way.     This  i> 


*  Firft  in  the  Edinburgh  Tranfafiioas,  and  afterairarda  i: 
Journal.    N. 
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n»(k  1  have  underlaken,  and  in  Ihe  prefetit  memoir  on  de. 
viirificalinn,  I  rhall  give  the  refulti  cf  my  f'lli  expctimeDts. 
A!  my  fitualion  gives  me  ihe  life  of  a  fire  of  cxlteme  violence 
and  cnniinued  for  years  toj^Bllier,  il  irity  have  been  in  ray  power 
(o  make  obf[:rvation'(  not  wiihin  the  tt^acb  of  every  one.  The 
(a&%  I  Ihall  report  do  paflly  explain  themlekesj  i hey  are  the 
refalt  of  laws  lo  which  all  tM)[lies  are  fdbjede.l.  Alt  the  merit 
of  the  obfervalton  confida  in  having  feen  them  in  fubftancea, 
and  on  occarion;  where  it  was  not  known  that  iliefc  laws  do 
lake  place. 

The  bottom  of  Ihe  furnaces  for  fonditig  or  fufing  the  glafa ''"  "'T™- 
ufoally  prefenls  large  cavilic!  excavated  by  ihe  aflion  of  Ihe  g|i[,  fi„ixsi1 
fire,  and  of  Ihe  corrofive  fubrtances  which  ofion  How  out  iif 
Ihe  melting  pots.  Tiierceavi(ic$  are  tilled  with  a  kindof  glafs 
called  pica;h),  which  n  compofud  of  allies  which  become  vi. 
liiRed,  (loneii  of  the  furnace  which  become  fufed,  and  more 
particularly  of  glafs  which  falh  from  the  pola.  Care  U  taken 
lo  remove  thi«  at  eacli  Ibnt  or  making  of  glafi.  When  ihe  fur- 
nace it  nearly  worn  out,  the  cavities  having  become  large,  can- 
not be  entirely  cleanfed,  but  Ibme  uf  the  picadil  remain!. 
When  llie  furnace  is  eslinguifhed,  this  picadii  undergoes  an 
enlremely  flow  cooling,  becaufe  it  is  lurrounded  wiih  mafonry 
of  feveral  cubic  fathoms,  which  is  itfelf  penetrated  with  heal 
Ihnt  has  conlimied  for  upwards  of  a  year.  I  have  always  re-Crjftiliu 
marked  that  tt  was  in  the  glafs  of  thefe  botlom!;  of  the  furnace 
(hat  I  found  cryftallizalions  through  the  mah  of  glafi,  the  rell 
of  which  was  very  tranfpa rent  and  pure.  Thefc  cryftalliza- 
lions,  which  were  always  confiderably  regular  and  numerous, 
eitciicd  mycuriofily,  as  ihey  had  done  that  of  other  glafs- 
makers  before  me.  I  collefled  many  fpecimen*,  taking  care 
10  chafe  thofe  which  appeared  the  molt  curious,  and  prefented 
the  mofi  exCrordinary  charafters. 

Soon  afterwards,  Irom  comparing  the  pieces  themlelvet,  and  Eiuniait: 
IhecircnmOancn  under  which  ihey  had  been  produced ;  and""*^*^*" 
by  Ibe  combinations  of  remarks,  trials,  and  experiments  lo 
bnilate  Ihele  cry  Rail  i  nations  at  pleafure,  1  at  Jafi  fucceeded 
In  diilinguilhing  various  clalTes,  all  of  which  are  produced  by 
the  nalore  of  thedifierenl  circumftances  which  accompany  the 
'  formation  of  the  glafs.  I  fliall  give  a  rapid  outline  of  Ihefe, 
wilhoul  cnlering  into  any  remarks  on  the  devitrilicalion  wiiich 
almoft  cvndantly  takes  place  in  lite  froria  of  forge  rurnaces. 

This 
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This  lafl  f&&  muft  liave  prcfented  itfeif  to  every  one,  and  will 
wiiboul  difficulty  b«  refi^rred  to  the obrervaiioni  1  lliall  make. 
TIk  more  com-       The  firft  remark  which  oflets  Jlfcif  is,  that  ihe  more  eom- 
^"^Jl^^^  pounded  Ihe  nature  of  llie  glafs,  the  more  eafilj-  and  readily  il 
ir  iofet  lu  vLcio-  will  become  devitnfied  :  but  in  ihe  fame  manner  ss  a  folvent 
•u.  uiiuie,        loaded  wilh  a  great  number  of  faline  fubftances  of  diHerent 
Iitndii,  fjlfers  itiem  to  cryllallize  more  confufedly,  fo  likewifa 
it  K  found  that  ihel'e  glalTes  do  not  prefenl  the  mott  rcj;ular  cry- 
Jtal ligations.     A  precipitation  takes  place  through  the  whole 
of  the  oiafi;  each   of  Ihe  component  parts  obey:  the  lawjt  of 
afEnities;  at  Ihe  fame  time  ihe  tranrparency  fpecdily  difappean, 
and  we  no  longer  fee  »  piece  of  glafs,  but  a  ftone.     Through 
Ihisconfufed  mafb  it  isneverlhelefs  impoHible  not  to  obferve 
BMttf  gbr:.       the  rudiment)  of  crj-flaU.     Such  i»  the  manner  in  which  boillc 
glaft  comports  ilfeirinilsdevilriticaflion.  Thefe  approach  very 
much  to  ihe  flale  of  mere  earthy  glafles,  having  very  little  fall 
in  their  com pofition. 
liptiimcnt  in         Every  one  has  an  opportunity  of  keeping   a  common  bollle 
Uielin»iwpj.   of  black  filafs  in  a  fire  long  continued,  and  capable  of  foflcn- 
.  ,      iDg  ils  pa(ie;   it  fpeedily  changes  colour,  becomes  grey,  and 

affumes  the  appearance  of  Aone  ware.     In  this  manner  wu 
form  the  poUcry  of  Reaumur,  but  wilhout  any  procefs  refeui- 
bling  ciyftaliization. 
PirtKuIir  e»>       But  iniiead  of  obferying  the  phenomenon  in  fo  fmall  a  mafs 
"']«''""  i"*^!^'  '^  we  examine  thebolloms  of  ihe  glafs  futn aces  in  which  thefe 
ij  Iluw  t:,iLi4iu|;.  botlk'j  3te  fufed,  we  tiud  ihut  the  glafs  h  abfolulelydevilrified, 
and  Ita!  alTumed  an  appearance  fo  complelely  flony,  ihat  the 
mofl  experienced  eye  can  fcarcely  diliingui(h  the  bricks  of  ihe 
furnace  from  the  part  which  has  been  glals.     It  is  only  by  fol- 
lowing iliecourle  of  the  detfitiificalion  in  pieces  I efs  advanced, 
Ihat  we  fucceedin  diflingnilhing  theglafs  in  a  granulated  Hone, 
which  has  ralher  the  appearance  of  coarfe  poilery,  or  a  flrongly 
baked  clay. 
Inftann nf  the       It  often  happens  Ihat  the  flow  cooling  of  an  hour  or  two  i* 
.«(Q_  tilting       fufficicit  lo  produce  the  enlire  devitrification  of   bollle  glafs. 
lime.  I  have  pieces  of  eight  centimetres  (2^  inches]  thick,  which  I 

oblaiued  at  the  glafs  works  of  Mr.  Sagct,  of  La  Gare.  One 
of  the  pots  was  taken  out  of  the  furnace  to  be  replaced;  tba 
glafs  remaining  at  the  bollom  of  this  pot  was  prefcrved  from 
cooling  during  the  time  the  pot  itfeif  acquired  the  common 
temperature,  and  by  this  mta/a  the  iialure  of  the  glafs  was 
eatireljr 


enliiety  changed.  1 1  no  longer  exhibrls  the  Lranfparencjr,  but 
it  a  inart  of  cryltals,  corapofed  of  fmall  needles,  cunverjjing 
towards  common  ccnlers.     It  has  no  longer  llie  apguiarance  of 

This  (»&  lliewi  wilh  wjiat  lacility  faotlic  glafa  U  devilrified, 
and  always  without  (he  leali  appearance  of  cementation.  T\>e: 
inKniie  variety  of  fiibllances  which  make  up  the  compuGiion 
of  bottle  glaft,  greatly  modifies  the  phtnomena  which  take 
p!ac«  during  their  devilrilicalion,  and  muil,  no  doubt,  influ- 
ence (he  foira  of  the  cryfiaU;  but  my  opportunities  of  obfcrv- 
ilig  lliti  kind  of  glafs  have  not  been  numerous. 

FafliiJg  therefore  to  gblles  lefs  earthy  and  corapofed  of  a  left  CreeniAi  (tiTi  of 
number  of  fubllancei,  when  I  make  ihe  fame  examinaiion  of  ^"^'"  " '•^ 
the  bolloms  of  the  furnace*  of  glaf'  for  windows  called  giaOes  and  chin|n* 
of  Alfaiia,  or  half  clear  glalTes,  into  which  U  put  a  greater ?"' """'t- 
portion  of  pure  tand  and  of  alkali,  I  oblcrvc  nearly  the  fame  hium,  taSJ?.' 
phenomenon ;  but  ai  tliey  arc  lefs  luddcii,  they  are  more  eafy 
lo  dininguilh  and  lo  feparale.     At  Ihe  lirfi  iriftant,  and  in  tJie 
raalfe«  where  the  devilrifitation  comnicnces,   we  feem  lo  ob- 
ferve  a  fmall  portion  of  blue  colour  dilfuled  through  agreeniUi 
liquid. 

A  very  fingular  tafl  here  prefenls  ilfeIC  which  I  dial!  here 
only  point  out,  with  the  iiitenliim  of  more  fully  examining  it 
hereafter.  This  greenilh  glafs  mixed  wi(h  blue,  appear*,  in 
iafl,  to  become  of  an  obfcure  blue  when  confiilered  by  re- 
ceded Jighl;  but  if  placed  fo  as  to  tranfmit  the  light,  it 
alwayi  appears  greenilhi  the  blue  being  reflcfled  aiid  the 
green  refraflcd,  each  fingly. 

By  continuing  to  obferve  the  devitrilicallon  of  this  glafs,  Scceod 
it  is  loon  perceived  that  the  blue  precipitation  is  followed  bj  ^U"  "'^ 
another  more  abundant,  which  affords  a  dirty  white,  and  it 
verydiftinfl  from  (he  former.  The  colour  ol  this  glafs  becomes 
deeper  and  deeper,  and  at  length  it  rcfembies  grey  horn. 

In  thefe  difTerent  (ranfilions  the  pade  of  the  glaft  appears  Third  chum 
coitftantly  to  remain,  diflinguilliable  in  its  polilli,  its  frafluie,  f"""^  wj**. 
and  all  its  other  propcrtica,  except  lis  Iranfparency.  Bui  in 
the  midll  of  this  palle  icfembling  horn,  very  diftina  cryllalli- 
zaiions  are  formed,  confiJling  of  nodules  cotnpofed  of  f[na!l 
needles,  all  converging  towards  the  center.  In  this  flate  it  ii 
DO  longer  glafs,  but  a  cryflal  pofTening  all  the  phyCol  pro- 
putiei  of  mineral  fiibflancci  l«ft  lo  (hemfelve). 
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W  An  exafianaljriti  mail«of  a  ceruin  nurobeiof  thefe  cryRsb 

K  carefully  detached  from  ihe  mafs,  mtghl  indicate  llietr  naturi; 

^L  and  Ihrow  ligbl  on  their  formaliuii. 

^V  II  often   happens  lliat  ihiife  cryflallized  nodules  are  enve- 

^f  loped  in  a  ciuft  wliich  fecm>  foreign  to  their  nature,  and  may 

B  be  lompared  to  ihe  erufl  which  envelopes  flints  in  the  middle 

of  Ibe  chaik-banks  in  which  Ihcy  feem  to  grow, 
ifttif  rtfrige-      'Thefe  arc  rhe  (eries  of  phenomenon  attending  the  deviirifica- 
IhT^oi^"    tlonolgreenilhglafi  when  it  happen*  flowly;  but  if  the  effefl 
BOO.  19  loo  rapidly  produced,  the  appearance;  referable  Ihofe  ob- 

ferved  in  the  devitrification  of  bottle  glafs.  The  window  glaft 
here  fpoken  of,  in  of  that  kind  which  contain*  very  little  ol 
earthy  matter,  excqit  wood  allies.  Il  raufl  admit  of  many 
variation)  according  to  the  differences  in  its  compontion, 
Cl«t  ifid  (imple  While  or  colourlefs  glaffes  ate  very  difficultly  crynallized 
j!!fi[?*»Wifirf.  "'  devitrifie.1.  When  lliey  ate  well  made,  we  may  affirm  that 
a  long  continued  heat  does  not  change  them  ;  but  for  this  pro- 
perty it  is  neceflary  that  they  Iliould  be  compofcd  merely  of 
filex,  with  the  precife  quantity  of  flux  for  ill  faiuration.  In 
tbii  cafe,  a  very  long  continued  fire  will  no  olherwife  change 
them  than  by  rendering  Ihera  more  yellow  and  hard. 

(The  Conelujion  in  our  neiC.)  ^J 


ADVERTJSEMENT. 

Various  ariiilcs  nf  PliUo/bphical  Nem,  4cco\mtt  {(f  Booht 
and  other  Jitlijrdt,  havt  ntc(jpirily  been  pojlprmed  thit  month,  en 
Account  ofUlmfi  with  u-hkh  tlic  Editor  hia  been  aJUded. 

The  fitmc  cattjt  hat  alfo  uiifortumteli/  precciUed  lii$  Draughlf- 
man  from  competing  Jbme  Defigns,  tihic/i  Kould  el/e  have  ap' 

Mr.  Eiikiel  Wulktr  has  been  prereiited,  by/tttre  iadijpafititm, 
from  aafeering  the  paper  of  C.  L.  in  our  lafi,  upon  the  Horizon- 
tal Moon. 

A  note  hai  alfo  been  received  from  C.  L.  in  txhivh  he  begt  katt 
to  notice,  (hot  the  large  Icm  mentioned  in  his  experiment  1.  hai  a 
eUor  aperture  of  C, I  inchei  in  Hi  frume,  and  aat  Jb  u/<4  in  thut 
experiinetit. 
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FEBRUARY,     1805, 

ARTICLE    I. 

Experiments  and  Remarks  on  the  Augmentation  qf  Sounds,     In  a 

Letter  from  Mr.  John  Gough. 

To  Mr.  NICHOLSON. 
SIR, 

/\  FACT  is  mentioned  in  a  former  communication  of  mine  Sounds  hearl 
to  your  Journal  (oaavo.  vol.  III.  p.  41)  which  proves,  t^at^J^^J^^"* 
a  flroke  given  to  an  extenGve  vibrating  furface  by  a  flenderfiMe. 
rod>  produces  a  found  poflfefling  a  high  degree  of  force :  from 
this,  it  follows,  that  the  range  of  a  found  may  be  extended  by 
enlarging  the  vibrating  furface,  while  the  magnitude  of  the 
impulfe  remains  the  fame.     The  preceding  maxim  is  of  great 
ufe  in  acouflics ;  but  as  the  truth  of  this  proportion  refls  at 
prefent  on  the  authority  of  a  local  obfervation,  it  may  not 
appear  fuperfluous  to  give  a  few  eafy  experiments  in  confir- 
mation of  the  h€t. 

Experiment  I, — My  firft  attempt  endeavoured  to  prove,  that  Exp.  i.  The 
when  a  found  ceafes  to  be  audible  from  remotenefs,  the  en-  J*^?* ^{J. 
largement  of  the  vibrating  furface  will  again  render  it  difUnda  greater diftucs 
at  the  (ame  diflance.     For  this  purpofe,  a  watch  was  faf.^vtKnmeoaieft 
pendcd,  on  a  calm  day,  from  the  branch  of  a  tree,  about  5{pu^ 
feet  from  the  ground.    The  clicking  of  it  barely  reached  my 
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etr^  in  thoio  intervals  of  filence  wliicb  were  not  difiaibed  by 
foreign  foondt,  at  the  diftanco  of  5|  yards ;  bat  when  I  re- 
moved half  a  yard  farther^  the  flrokes  of  the  balanoe  were  no 
<f  longer  heard.  '  A  oircal|r  phle  ot  rolled  iron,  one  foot  in 
diameter,  was  then  brought  into  conlad  with  the  part  of  the 
watch  fiftrtheft  from  me,  the  potion  of  it  being  fuch  as  to 
prefent  the  plane  of  the  circle  to  ray  ear.  This  circamfiance 
infrcafcd  the  range  of  the  found;  for  every  ftroke  of  the  io* 
firament  was  diftindly  perceived  at  the  diftance  of  four  yards, 
^  when  the  filence  of  the  place  remained  undiftarbed  by  other 

caufes.    The  refult  of  this  experiment  is  too  obvioas  to  need 
a  comment :  and  I  have  only  to  add,  that  when  the  trial  is 
made  within  doors,  the  range  of  the  clicking  is  greatly  in« 
creafed ;  becaofo  the  primary  (bond  receives  an  acceffion  of 
fiurce  from  a  number  of  its  own  pnlfes,  which  are  reflefied  to 
the  ear  by  the  fumilttre  and  walls. 
Xsf*  t»  Ths         ErperimetU  //•— >I  proceeded,  in  the  next  place,  to  examine 
SlS^ff.^5^      ^  efieds  produced  on  Ihe  auditory  organs  by  the  vibrmtions 
looiiS  itfelf.       communicated  to  an  elailic  forface.  by  a  watch ;  the  immedi- 
ate found  of  which  was  fmqihered  by  art.    For  this  purpose, 
a  watch  was  placed  upon  a  cufhion,  under  an  inverted  por- 
celain cup,  which  was  wrapped  externally  in  feveral  folds 
of  flannel.     The  inflrunient  was  heard  with  difiicuUy  at  the 
diftance  of  one  foot  in  this  fort  of  confinerociit ;  but  when  I 
placed  the  muffler  with  the  watch  under  it,  upon  a  fquare 
mahogany  table  four  feet  broad,  the  clicking  noife  imparted 
by  it  to  the  top  of  the  table,  reached  the  ear  very  dtftin^Iy  at 
the  diAance  of  four  ^ards.     The  fame  watch,  covered  in  like 
manner  upon  the  iron  plate  mentioned  above,  reached  my  ear 
at  the  diftance  of  22  feet.    The  apparatus  ftood  in  this  trial 
upon  a  round  oak  table,  24  inches  in  diameter. 
TheealtffemeBt     The  preceding  fad  proves  indifputably,  that  the  fecondary 
of  die  furfim     vibrations  of  an  elaftic  furfkce  actually  affed  the  ear,  in  thofe 
JJJJJU^  cafes  wherein  the  pulfes  never  reach  the  perfon  of  the  hearers, 

which  proceed  from  the  part  that  is  exclufively  confidered  as 
the  feat  of  found ;  in  other  words  it  proves,  that  the  caufe  of 
a  found  is  not  confined  to  the  obftacle  receiving  the  primary 
tmpulfe,  but  that  it  is  propagated  from  the  point  of  impaA 
through  the  contiguous  bodies.  The  firfl  experiment  alfo 
^  .  (hews,  that  the  enlargement  of  the  vibrating  fur&ce  encreafes 

the  force,  which  a  given  ftroke  exerts  upon  an  ear  placed  al 

4  a  given 
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a  given  didance;  confequently  the  increafed  force  thus  im- 
parted to  a  found,  mud  be  afcribed  to  the  co-operation  of  the 
vibrations  communicated  in  the  firfl  experiment  to  the  plate 
of  iron ;  for  by  uniting  with  thofe  of  the  watch,  thej  evidently 
augmented  the  power  of  the  latter  inArument. 

A  rational  theory  of  the  forces  of  founds  may  be  formed.  Theory  of  th« 
by  help  of  the  preceding  obfervations,  in  the  following  manner :  aurmcntell  by 
firft^  Suppofe  the  plane  ABC  (Plate  IV.)  to  be  one  of  the  fur-  the  Tibntioot  of 
faces  of  an  elaftic  body,  and  let  it  receive  an  impulfe  at  the  in^*dleftl2»« 
point  O;  then  O  will  recede  from  the  ftroke  in  a  right  line  My. 
perpendicular  to  ABC,  drawing  after  it  all  the  contiguous 
particles,  which,  in  their  turn,  will  change  the  place  of  the 
next  circle  of  particles.      In   thi&  manner  a   circular  dent 
OMEQTFwillbe  formed ;  the  center  of  which  O  will  be 
below  the  plane  ABC;  M,  the  higheft  part  of  the  margin, 
will  be  above  it ;  and  ihe  extreme  circle  EQTF,  bounding 
the  whole,  will  lie  in  the  plane.     Second,  Thus  will  a  circu* 
lar  fwell  be  formed  on  the  plane,  refcmbling  the  circular  wave 
produced  by  a  (lone  dropped  into  water.     A  feries  of  thefe 
fwells  will  follow  the  firfl,  each  of  which,  in  fucceflion,  will 
lie  more  remote  from  the  center  O  than  its  predeceflbr.    Third, 
The  collective  force  of  each  fwell  is  equal  to  that  of  the  firft 
impulfe  ;  and  it  is  didributed  over  the  furface  of  a  ring,  having 
O  for  its  center  and  O  £  for  its  breadth ;  i«  e,  all  the  rings  are 
of  equal  breadths,  but  unequal  diameter,     fourth.  The  effect 
of  the  ilroke  is  thus  progreflively  propagated  from  O  to  the 
more  diflant  parts  of  the  plane  A  B  C,  with  an  uniform  velo- 
city.    Fifth,  Let  P  be  the  place  of  the  ear  in  the  right  line 
O  P,  perpendicular  to  A  B  C ;  alfo  let  G  H I JK  be  any  fwell 
in  the  fame  plane ;  then  will  the  efFe6t  of  that  fwell  be  carried 
to  the  ear,  in  the  conical  fliell  O  G I J  K  P ;  and  the  impulfe 
imparted  to  the  auditory  organs,  through  the  medium  of  this 
(liell,  will  be  greateft  when  the  diameter  of  the  ring  O  I  is 
leafly  and  the  contrary.     Sixth,  If  A  B  C  be  a  concave  fphe- 
rical  furface,  having  P  for  its  center,  all  the  fwells  will  fuc- 
celfively  exert  equal  forces  on  the  ear  at  P.     Seventh^  If  O  P 
be  put  equal  to  a,  and  /  meafure  the  force  of  a  ilroke  at  the 
diflance  1  ;  then  let  v  equal  the  velocity  with  which  this  force 
is  propagated  from  O  over  the  fpherical  furface,  and  /  tbe 
breadth  of  the  rings  covered  by  the  fwells,  the  force  in^ 
.preffed  on  the  car  at  P  in  a  given  interval  of  tiine«  is  equal 
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to  ~.     Eighth,  7'liough  time  is  inBnilely  diviftble  in  a  1) 

thematical  Tenfe,  M,  Euler  has  Qicwn  *,  that  the  ear  c 
Ceivei  il  lo  confift  of  indivifible  or  eleirifinlary  pariicles 
(cc|iienlly  all  the  force*  which  arrive  at  P  during  one  n 
elementary  intervals,  make  a  (ingle  indivifible  imprtf 
sfi  ear  placed  at  that  puint ;  becaufe  lliit  organ  c 
ccgnizance  at'  a  rmaller  particle  of  time ;  therefore  the  fon 
ef  a  found,  produced  at  the  center  of  a  hollow  fphere  by  tl 
undulaiion.'i  of  its  furface,    i;  truly  denoted  by  the 

fion  — .     Ninth,  In  general,  ihe  force  of  a  found,  ai  any  il 

f!ani  of  its  duration,  is  equal  to  Ihe  fum  of  the  forces  eiierled 
by  tiiofe  pulfes,  which  flrike  Ihe  ear  in  the  elementary  intee 
val :  Confequciitly,  if  the  diJlance  between  Ihc  I 
the  founding  body  be  fuch,  that  iinei  drawn  from  bi^ 
«very  point  of  tile  vibrating  furface,  may  be  coiifideted  f 

equal,  Ihe  force  of  ihc  found  will  be  e^ptelTed  bv  ~. 

To  llicw  the  nature  of  this  theorem  by  an  example  :  f^ppr 
a  bell  Ai  the  diameter  of  whofc  mvulli  =  l|,  to  be  an  r 
below  a  bell  B,  the  diameter  of  which  =  I  :  alfo  let 
beard  twice  as  far  as  B,  when  each  receiver  an  equal  flrtjltefl 
Ihe  ratio  of  the  breadth'  of  the  Iwclls  in  A  and  B  is  require 
Let  r,  V,  be  the  velocities  of  the  fwetls  in  A  and  B,  L,  1. 1 
breadths  of  thefe  fwelU  ;  alfo  let  2  and  1  be  their  refp^^iv 

^^  langei:  then  Cnce/ii  given, —J- =  ^,    by   the    iheureni'^ 

^^H  hence,  as  V  :  ^v  :  :  C  ;  I.     Kow  the  femi  circumferences  o 

^^P  A  and  B  are  in  ihe  ratio  of  If  Id  1 ;  but  while  Ihe  vibraiion| 

pafs  over  half  the  circumference  of  A,   they  pafs  and  repaS) 

over  the  fame  pari  of  B  :   therefore,  as  I':  v  :  i  If  ;  2;  bencfl 

alfo,  as  i  :  / ;  ;  J  :  6.     Q,  E.  I, 

The  principle         Should  the  principle  explained  above  be  adroltted,  the  fi)l^ 

citendedto        lowing  conclulion  raufl  alfo  be  received  a;  a  neceffary  confe- 1 

v«ui  and  uihd  r  -.      .i  c        ■       i  n  i  •■ 

(oundi.  quence  of  it :  the  voices  ot  animals,  as  well  as  the  noles  of  1 

mufical  iiiflruraents,  and  ihe  reports  produced  bv  blows  given  J 
to  leCs  elaflic  fibflancci,  derive  no  inconfiderahle  portion  iit-M 
their  refpeflive  forces  from  ihe  vibrations  of  parli  which  ars} 

•  Tentanen  dt  Mui.  Cap,  I.  Sec.  I 
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not  diredly  concerned  in  the  produdtion  of  the  primary  found. 
This  opinion  appears  to  be  countenanced  by  an  experiment, 
which  t  have  repealed  at  different  times  under  various  forms, 
and  of  which  the  following  is  the  fubflance :  If  a  wire  be 
iirelched  by  two  pins  fixed  into  a  bad  condu6tor,  fuch  as  a 
block  of  ftone,  the  found  produced  by  it  is  much  weaker  than 
that  of  an  equal  wire  (imilarly  flretched  upon  a  board,  which 
is  a  better  condudlor.  In  like  manner,  if  a  circular  piece  of 
wood  be  (Iruck  by  a  leaden  ball  confiantly  falling  from  the 
fame  height,  the  report  will  be  heard  at  a  greater  diftance, 
when  the  wood  is  placed  upon  a  good  condu6lor  of  found, 
than  when  it  refls  upon  a  bad  one.  Thefe  fa6ts  create  a  high 
degree  of  probability,  that  the  leading  maxim  of  this  ellay  is 
applicable  to  founds  of  every  defcription,  embracing  fuch 
as  are  continuous,  as  well  as  thofc  of  a  momentary  dera- 
tion. 

Dr.  Matthew  Young's  Enquiry  into  the  Phenoipena  of  Shrnkfthaorx 
Sounds  has  fallen  into  my  hands  fince  the  foregoing  remarks  ^  ^*  Mitinew 
were  committed  to  paper,  and  a  partial  perufal  of  the  work 
has  convinced  me,  that  the  prefent  theory  has  not  all  the 
claim  to  originality  which  I  once  fuppofed  to  be  due  to  it. 
The  judice  and  neceffity  of  the  preceding  obfervation  will 
appear  from  the  Doctor's  two  theories  of  the  fpeaking-trumpet 
and  echoes;  in  both  of  which  he  has  made  ufe  of  my  leading  ' 

principle  with  fuccefs.  The  maxim,  however,  has  been  ex- 
tended to  a  greater  number  of  cafes  by  thefe  obfervations ; 
i>e(ides  which,  an  attempt  has  been  made  to  demonflrate  the 
truth  of  it  by  experiment,  and  it  is  on  the  two  circumflances 
here  Hated  that  the  merits  of  the  prefent  letter  mud  reft ;  for 
I  am  far  from  defiring  to  rob  the  celebrated  author  of  the 
enquiry  of  the  honour  due  to  his  fagacity. 

JOHN   GOUGH. 
Middlejhawp  Jan.  4,  1 805. 
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.OhJtrv$H^iu  M  $he  iijerewt  Degrea  qf  Aeili^  with  raUek 
M^  ilf  ike  Jkm  M^Und  9Jmit  qf  Chm§n  m 

I .  f^mure;  wUk  dppUcQiimu  qf  the  FuSU  to  ike  Ca^mSkm  qf 
JPmduhmu,  <m^  Speeukahtu  i^or  variout  wew  Forwu  qfpem^ 

.    Mom  tUgdatoTM  qf  Time.    U  a  Letter  from  J.  WpiTLir 

To  Mr.  NICHOLSON, 
SIR, 

CompvBBd  pen*  X  HE  btisfiiQory  commonication  on  tn  ingenious  improive* 
doluM.  'ment  of  tbo  coapon^id  pendolaai»  in  your  Joarqal  for  De- 

cember, hat  reminded  me  of  fome  ideas  which  oiccorred  to  me 
pn  fimilar  fabjeds.    In  hopes  that  Ihey  may  be  of  fome  afe  in 
''^.  a  matter  fo  interefting  in  itfelf,  and  fo  important  in  ttsappU- 

C^tion,  t  fend  them  for  your  opinion. 

A  very  material  point  feems  to  have  been  omitted  in  all  the 
confiderationt  I  have  met  with  on  the  espanfion  of  bodies  by 
beat ;  pyrometrical  experiments  being  diredcd  to  that  vaerelj 
of  different  fubftances  of  the  fame  fize,  but  none  being  made 
on  bodies  differing  in  bulk. 
Bo4i€f  are  more     Though  various  bodies  differ  in  their  degree  of  expanfion 
or  left  fpeedilj    by  heat  according  to  their  materials,  yet  all  are  fubjed  to 
Sordini  to  "^<^''<a>'^  '*^*  O"  this  point,  depending  on  their  dimenfions ; 
their  dimen£ooi  for  as  bodies  receive  or  communicate  heat  by  their  furiaces, 
tnd  figure.         j^jjj  retain  it  in  proportion  to  their  bulk,  it  follows,  that  their 
mutability  of  temperature  muff  depend  on  the  ratio  of  their 
Yolid  contents  to  their  furfaces  ;  and  that  the  greater  the  fur- 
face  in  proportion  to  the  bulk,  the  more  readily  will  a  body 
change  its  temperature ;  and  on  the  contrary,  the  greater  the 
bulk  in  proportion  id  the  furface,  the  lefs  will  it  be  afieded 
by  the  flu6iuating  heat  of  the  fqrrounding  medium. 
Deduaion  of  the     '^^^  proportion  which  the  furfaces  of  bodies  bear  to  their 
effe^  bulk  may  be  varied,  either  by  altering  their  (hape  or  changing 

'  their  fize.  In  the  fird  refped  it  is  fufficient  to  note,  tliat  the 
flatter  and  longer  any  body  is,  the  greater  will  be  its  furfacc 
in  proportion  to  its  mafs  of  matter,  and  viceverfai  the  dif- 
ference caufed  by  the  variation  of.  bulk  can  be  more  eafily 
calculated,  as  in  bodies  of  fimilar  figures  their  furfaces  are 

exadlj 
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exadly  as  the  fqaares,  and  their  folid  contents  as  the  cobes  of 
their  diameters.  From  this,  and  what  has  been  already  pre* 
mifed,  it  will  follow,  that  in  bodies  of  different  fizes,  fimilarly 
fliaped,  and  of  the  fame  fubflance,  the  capacity  for  heat  wilt  * 

be  as  the  cubes,  and  the  mulabitity  of  temperature  as  the 
fquares  of  their  diameters  or  tides ;  and  that,  therefore,  the 
degree  of  the  tendency  ol  thofe  bodl^'s  to  maintain  an  equality 
of  temperature,  may  be  eflimated  an  their  folid  contents  minus 
the  relative  value  of  their  furfaces :  Bodies  whofe  (hapes  are 
dilfimilar,  will  in  fome  degree  be  fubjc6t  to  the  fame  rule ; 
but  it  is  not  material  to  the  prefent  fubjccl  to  take  them  farther 
into  confideration. 

The  followintr  table  of  the  proportion  of  four  cubes  in  the  Table  of  the  n- 
above  refpefts,  whofe  fides  are  reciprocally  as  1,2,  3,  and  *,  JJJ  ^^^^5*^"* 
will  exemplify  what  has  been  above  aiferted,  and  fliew  how 
greatly  the  retention  of  temperature  of  bodies  is  increafed  by 
adding  to  their  bulk; 
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Side. 
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1 
o 

.3 
4 

Surface. 

Change 
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Retention 
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6  :     1 
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1 

4 

9 

16 

Cubic  Ft. 

I 

8 
27 
64 

1 

8 

27 

64 

1 

4 

18 

48 

fVom  thefe  confi derations  the  following  inferences  may  be Inferencei^ 
drawn  :  \ft.  That  the  greater  the  bulk  of  any  body,  the  lefs 
will  be  its  mutability  of  temperature  in  proportion,  and  of 
courfc  the  lefs  will  it  alter  its  degree  of  expanfion:  2d,  That 
a  large  globe  in  the  firft  place,  or  a  cylinder,  whofe  height 
was  equal  to  its  diameter,  in  the  next  place,  or  in  the  third 
place  a  large  cube,  would  have  its  diraenfions  very  little 
changed  by  the  (luduations  of  atmofpherical  temperature.  ' 

To  apply  thefe  principles  to  the  regulation  of  horological  AppKcati«irof 
movements  may  appear  difficult,  as  the  firft  idea  that  would  i^jL  ** 
occur  is,  that  it  would  be  neceffary  to  put  thofe  large  bodies 
in  motion  for  this  purpofe ;  but  this  is  by  no  means  needful, 
and  it  may  be  effedually  performed  by  conftrufting  and  fixing 
up  a  pendulum  in  fuch  a  manner,  that  its  variations  in  length 
Aall  be  correded  by,  and  depend  on,  thofe  of  Che  large  body. 

There 


vie  of  1  Uttt 
block  of  (tone 
for  fiiijig  1  pen- 
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There  is  no  need  of  much  inveftigalion  to  ilifcover  the  mode 
of  doing  this;  a;  either  ihe  pendulum  invented  by  Mr. 
Croflhwaile.  of  Dublin,  or  thai  contrived  by  Mt,  Pine,  will 
fully  anfwer  this  putpofe,  though  they  will  by  no  meani  per. 
form  that  for  which  Ihey  were  intended,--of  effeCiing  a  com- 
penfalion  of  themfelves,  in  the  manner  of  (he  gridiron  pen«. 

The  error  of  thefe  genllemeti,  in  thit  refpecl,  is  very  fully 
pointed  out  in  a  paper  figned  A.  B,  publillied  in  liie  feveoth 
Volume  of  the  Repertory  of  Art!,  which  would  have  been 
much  more  creditable  to  its  author,  had  he  not  triumphed  fa 
much  in  hii  fuperior  penelialion  on  the  occafion,  which  hat 
led  him  to  forget  himfclf  fo  far  as  lo  defcerid  to  Ihe  illiberaliljr 
of  national  refleifiion  on  the  part  uf  Mr.  CroHhwaile:  fat 
which  reafon  I  own  1  am  happy  lu  have  it  in  my  power  logiva. 
thefe  gentlemen  ihe  fatisfaflion  ot  feeing  an  error  pointed  out 
in  his  paper  in  relurn ;  which  is,  where  he  afferls  that  a  fraaH' 
rod  of  mahogany  mull  have  the  lame  contraction  and  dilalioR, 
from  change  of  heat,  as  a  Jblid  plank  of  the  fame  wood,  or 
words  to  that  eOe£l,  the  lallacy  of  which  opinion  appcari 
from  what  has  been  here  laid  down:  It  would  be  eafy  lo  dif- 
linguilh  this  philolophy  by  an  appellation  of  the  fame  ftamp 
aa  that  which  A.  B.  has  bellowed  on  Mr.  Cfollhwaiie's  in- 
vention, and  the  mote  unfoilunately  for  his  infinuation  on 
this  occafion,  as  the  IriDi  method  happens  to  be  the  betl  of 
the  two  ;  for  Mr.  CroHhwaite  fuppurttd   his   pendulum  by  «^ 

ill,   which  would   be   much  lefs  allVcled  by  rhange  of . 

the  air  than  the  back  ol  Ihe  cluck-cafe  lo  which  Mr. 

ached  his. 
The  bed  method  of  applying  the  foregoing  fafls  to 
regulation  ol  clocks  appears  to  me  to  be,  to  procure  a 
cylinder,  or  oftagonal  prifm,  of  flone,  ihe  diameter  of 
bafe  is  equal  to  its  height,  and  exceeds  the  length  of  Lhi 
dulum  by  fome  inches  at  leali,  and  as  much  larger  as  tt  could 
be  got  the  belter:  one  of  a  cubic  Ihape  wouhi  alfo  do,  if  Ht 
mafs  of  matter  exceeded  that  which  could  be  got  of  ihe  other 
forms ;  for  this  purpofe  granite  flone  feeins  preferable,  and  in 
the  next  place  Portland  flone,  as  Ihey  can  be  eafily  had  in 
large  blocks ;  but  it  is  probable  that  flones  which  grow  damp 
in  moifl  weather  would  not  be  fo  proper  for  this  purpofe.  To 
this  block  of  flone  a  pendulara  lliould  be  attached  with  a  (ingb' 
compenfalinf^ 


1 
( 


folid  w 
heat  in 
Fine  al 


compenfating  rod  added  to  il,  in  Ihe  fat^e  inatiner  as  that  con< 
(Irufled  by  Mr.  Crollii«aila  or  by  Mr.  Pine  :  ihe  tlock  iifelf 
Ihauld  alfo  be  fadenecl  to  ihe  (lone,  particularly  iF  Mr. 
Crofthwaile-s  pendulum  ii  ufed. 

The  block  of  (lone  may  be  farther  fecured  I'rom  change  ofD'l'"''eof  i 
temperalure,  by  being  furrounded  on  every  fide  by  brick-work,  ^^"nK  cfsa 
except  where  the  pendulum  and  clock  are  lii^erf,  and  liBi'iiigpeiatuie,  fti 
dry  law-dull  rammed  in  between  it  and  the  brick-work, 
it  h  probable  that  a  block  thus  filled  up,  would  vary  little 
from  changes  in  the  heal  of  the  airj  and  in  ihofe  (ilitalioni 
where  large  block;!  of  Done  are  found  naturally,  thiit  might 
be  done  al  a  fmall  evpence :  where  b  targe  block  of  (lone 
could  not  be  procured,  a  piece  of  dry  (iraighl-grained  red 
deal  balk,  or  folid  mahogany,  might  be  ufed  In  good  efTc^,  if 
well  painted,  and  inclnfed  a:  before  directed  :  and  forctimmon 
ufe,  it  is  probable  thai  a  large  glafs  tube,  filled  with  fenien 
lycopndii,  if  to  be  had,  or  fine  dry  faw-dnft,  well  doled  at 
*>iiher  end,  and  covered  with  tiik-d  (ilk,  ivould  form  a  pendu- 
lum-rod little  affefled  by  heal  or  cold ;  but  if  melal  i*  pre- 
ferred, then  a  tube  of  metal,  (itted  up  at  Idl)  directed,  would 
be  prefisrablc  to  the  fmall  wire;  now  ufed  lor  this  purpofe. 

The  advantages  to  be  fxpecled  from  Hie  principal  method  Adnne^ei. 
above-mentioned,  ol  lining  up  pendulums,  it,  thai  it  aJlords 
an  nnlimited  mode  of  approximation  to  i^rfrfl  cofflpenfaiion ; 
and  that,  as  it  requires  no  great  relineroeni  of  workmanfliip 
ill  itit  conRruflion,  it  can  lie  ufed  In  many  filualioni  where  it 
would  be  impuIGble  !□  have  a  tubular  compenfating,  or  com- 
mon gridiron  pendulum  made;  which,  nolwiihftanding  the 
laic  improvements,  are  cKtrcmely  difficult  to  conflrodt  with 
ao(oracy,  as  may  bv  fcen  in  the  paper  publillittl  in  your  Jour- 
nal for  December  IbII,  where  many  of  ihe  impediments  to  their 
pcrtcftion  are  pointed  out,  and  more-  rnil  remain  to  be  no- 
ticed, of  which*  ihe  following  deferve  fume  allenlion. 

The  metals  of  which  gridiron  pendulum*  are  compofed,  Imperfraiumr! 
are  both  of  them  mixed  metals,  and  of  courfe  every  d iflereo I '"'?'*"'"'' I* "- 
parcel  of  ihem  made,  mud  vary  in  fome  degree  in  the  rela-  Thn^iij  ire 
live  quantities  of  (heir  component  ingredients,  and  from  ihence '"><;^,  "ui 


iQcall   (teel  a  mixed  melal ;  but   <■ 
cJiarcoal  forms  a  conlidcrable  pari  of  il 
mating  it  as  fuch  will  be  evident ;  and  j 


nfidered  (hat 
the  jufttco  of  efli- 
this  metal  the  pro- 
portion 
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pnriion  or  charcoal  in  different  parceli  of  it,  Wmuch  innre 

varioun  ibsi)  that  of  zinc  h  in  bnh:  perhap*,  for  llii«  tearoit, 

it  miKhl  be  belter  to  ufe  (oma  of  ihe  finiple  melaU  in  the  pi 

Ol'thefc,  in  Iheirconftfurlion. 

piffiMlr)- of  id-     Another  difficulty  in  Inrming  Ihefe  penduh 

ju  atta  racy,  anfet  from  (he  want  of  a  good  mcihod  of  proving  ihemi 

The  adjuAoienl  by  Ihe  going  of  a  deck  is  Civenn  in  be  imper- 

feO.  in  the  paper  on  ihe  tubular  pendulum,  and  thai  propufed 

in   ils   place,  Ihe  ufe  of  ihc   pyrometert  i>  equally  defective, 

for  the  following  reafon';  : 

D»fcai.nH(ed      pyrometers  are  unfit  for  meafuring  Ihc  effeas  of  ihe  beat 

Iprromrtcn.    ^^^  ^^,j  ^^   ^^^  atmofpherc   on  any  fubftance,  becaufe  their 
I  own  machinery,  and  particularly  ilie  pari  fuppoTling  (be  fub- 

I  llance  under  trial,  is  liable  lo  be  alfcQed  by  ihc  fame  caufes: 

I  and  in  this  cafe  the  index  will  (bew  the  fum  of  the  oiferalion 

I  of  ihe  fubAance,  tlie  part  of  (be  apparalus  belwet-ii  in  two 

1  eictremilies,  and  Ihe  machinery  of  the  pyrometer,  inllead  of 

thai  of  Ihe  fubflance  alone :  and  in  appljing  arlilicial  heal  to 
the  matter  under  (rial,  ii  is  extremely  diliicult  10  communicate 
(hat  heal  equally  lo  all  id  parls  al  llie  fame  time,  and  fo  at 
L  tiul  to  operate  on   (lie  pyrometer  itfelf,   wllhoul  which  the  ex- 

^^■^  -  a£lnef^  of  a  compound   pendulum  could  iiol  judly  be  tried 

^^^p  Lallly,  another  error  is  produced  in  ihe  compuialion  of  (he 

^^^  aberration  of  all  pendulums,   from  nol  taking  inlo  account  the 

dilation  and  conlraftion  of  the  fmall  Jlcel  fpring  by  which 

Iliey  are  ufually  fufpended. 

Oihcr  pcndu-  As  all  (be  ofcillatiiry  pendulum!  yel   made  public  are  influ- 

lumt.  enced  in  (lieir  notation  of  time  by  the  expanCon  of  their  fub- 

Hancc,  and  at  (he  bet)  contrivances  lo  compenfaic  ihiii  are 

^^^  only  an  approach  to  perleflion,  an  increafe  of  probability  but 

^^^L  no  certainly,  il  is  therefore  an  objefl  tvorihy  allenlion  to  in- 

^^^B  vedig^te  other  mellmds   for  elTcding  the  fame  purpofe :  for 

^^^^  .  which  reafon  I  Hull  here  beg  leave  lo  fuggcfl  the  reconlider- 

^^^p  alion  of  a  fpecie;  of  pendulum  of  a  dit)t:renl  nature,  wliicli 

^^^r*  has  never  been  condemned  on  any  jull  ground  that  I  could 

^^^P'  bear,  and  which  in  fa£l  it  fo  lilile  known,  thai  the  appticalion 

1^^^^  (if  a  timilar  movement  to  other  purpofes,  is  by  many  fuppofed 

to  be  a  lale  invention.     The  pendulum  which  I  allude  lo,  n 

Ihat  Ireated  of  in  llie  fifth  P.irt  of  ihe  fjorologium  Ofiilbitorium 

^^H  of  the  well  known  Huygcni,  publilhed  in  1673,  which  he 

^H  calh 
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calls  the  circular  pendulum,  and  which  much  refembles  the  cl^alar  pendu. 
centrifugal  apparatus,  ufed  frequently  about  flearo-engtnes  lo'^^of'^^yg^"- 
regulate  the  aperture  of  the  fleam-damper,  of  which  it  pro- 
bably fuggefled  the  firft  idea.  To  form  the  circular  pendu* 
lum,  a  fpindle  (HD,  Fig,  I,  Plate  JJf,)  proceeds  perpen* 
dicularly  from  the  clock-work,  from  whence  it  receives  a  cir- 
cular motion  round  its  own  axis ;  to  this  is  affixed  a  lamina 
(BGA)  of  fome  breadth,  bent  according  to  a  paraboloidal 
line,  by  the  evolution  of  which  (after  it  is  joined' to  a  certain 
right  line)  a  parabola  is  formed,  the  conllru^ion  of  which  is 
ihewn  in  the  eighth  propolition  of  the  third  part  of  the  above 
work  :  This  lamina  caufes  the  ball  of  the  pendulum  (F),  at- 
tached by  two  threads  to  its  upper  extremity  (as  it  circulates}, 
to  perform  all  its  revolutions  (which  will  be  of  greater  or  lefs 
extent  as  the  axis  moves  with  greater  or  lefs  force)  in  the  fui^ 
hce  of  a  conoidal  parabola  (F  £).  Huygens  declares,  that 
all  the  circles  performed  by  the  pendulum  thus  con(lru6ted| 
will  be  ifynchronous,  and  then  (hews  how  (o  proportion  the 
parts  of  the  apparatus,  fo  as  that  each  of  its  revolutions  (hall 
be  performed  in  a  feconrl,  or  in  half  a  fecond :  He  fays,  the  .    . 

only  reafon  which  caufed  the  ofcillalory  pendulum  to  be  pre- 
ferred to  this  was,  that  this  lafl  was  more  difficult  to  conftruft. 
As  (his  circular  pendulum  feems  to  poflfefs  the  valuable  pro- 
perty of  corre6ling  the  alterations  caufed  in  it  by  expanfion, 
or  of  rendering  them  of  no  confequence,  the  difficulty  of  con- 
(Irudion  is  a  matter  of  no  confequence,  efpecially  as  there  are 
now  to  be  found  art  ids  fo  much  more  excellent  in  works  of 
this  kind  than  formerly. 

Huygens  gives  the  following  charafler  of  this  pendulum, 

which  I  tranfcribe  in  his  own   words :  '•  Phn^  tatnen^  hujia 

gwyque  generis  de  quo  nunc  loifuimur,  nee  Jiuefuccejfu,  conftruda 

fuere :  ejlque  in  his  fitvjrulare  iUudi  quod  continue  at  que  aquom 

biU  moiu  circuniferri  cemitur  index  pofiremus,  qui  Jhcunda  fcrU" 

puta  dejignat,  cum  in  omnibus  aliis  horolngiis  JUbfidtim  quafi 

fcratur  ;    Item  hoc  quoque^  quod  abfque  ftrepitu  Jbnoque  ontni 

maveantur  hoc  ratione  confiru6ia  automata,'*    He  concludes  the 

book  with  thirteen  theorems,  De  vi  centrifuga  ex  motu  circU' 

,  lari,  feveral  of  which  prove  this  kind  of  pendulum  to  have 

tnoft  valuable  qualities :  the  (ixth  of  thefe,  beinc;  very  remark- 

•ble,  I  copy  for  your  readers,  who  may  not  have  an  oppor* 

tonity  of  feeing  the  work  which  contains  it,  as  follows  : 

"  THEOREM  A. 


I 
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•'  THEOREMA. 
"  In  eaxa  JUperfidt  fonaidit  parabolid,  quod  aiem  ad  p 
ptnditidum  rredwn  habtui,  circvilai  aninei  maliUii,  ci 
rrnciai  horizortli  parallclas  pcrciirimlu,  fire  parvir  five 
Jiierint,  aguatibua  lempnribat  pcra'^mUur :   qua  temporu  fingiJt  ■ 
(Tijuanlur  biitU  aJiiUnlhnibus  penduU,   eujut  Imigitudo  Jit  dim- 
divm  lafcrii  reSi  parabola  gmitricu." 

From  ihe  above  theorem,  anJ  what  has  been  already  laid 
down  on  ihc  fubjefl,  it  i(  eviilent  that  the  circular  pendulum 
T4  weil  worthy  of  a  fair  Iriaf,  and  (linuld  be  recommended  to 
Ihc  attention  of  all  fcientific  conflruftors  of  horological  move- 
As  this  circular  pendulum  will  take  up  more  ri>ora  than  a 
common  one,  when  Ihi^  is  any  confidcrable  inconvenience, 
one  of  Ihe  following  conllru  Aioiis  on  the  fame  prii^ciples  (which 
have  occurred  lo  mc  while  writing  this  coramunicalion),  may 
be  ufed  in  Its  place. 

The  firft  is  35  follow* ;  To  a  fliorl  fpindle  afcending  from 
''''*■"  the  clock,  as  before  defcribcd,  let  [here  be  attached  a  glafs  or 
iron  ttibp,  bent  in  the  farni  of  the  conoiJal  parabola  before. 
mentioned,  and  placed  at  E  F  in  Fig.  1  :  into  Ibis  tube  let_jj 
there  be  poured  a  futiicient  quantify  of  mercury  lo  ferve  i 
cenlrilug>l  we.ght. 

It  appears  to  me  that  the  mercury  riGng  in  (he  tube,  : 
ctrculales,  by  the  centrifugal  force,  along  its  parabolical 
i-urve,  will  have  (he  fame  eflefl  as  ihc  weight  in  Huygent*! 
ronflruflion,  caufed  by  other  means  lo  move  in  a  Gmilai  line. 
The  tube  fliould  be  fufficienily  large  lo  admit  ihe  air  to  pali^ 
fi  eely  above  ihc  mercury  a*  it  moves  along  its  cavity,  or  ellel 
a  finall  aperture  Ihoiild  be  made  in  the  upper  furface  of  lh«^ 
lube  near  the  fpindle,  for  ihe  fame  purjiofe:  lo  prevent  alio 
the  error  which  might  oiherwife  be  caufed  by  a  varied  re- 
finance to  the  motion  of  liie  circulating  lube  from  the  mula- 
bilily  of  almnr|)herical  prefTure,  ihe  lube  may  be  inclofed  il 
a  circular  veflel  covereLl  at  lop,  made  of  as  light  maleriali  i 
poffible,  and  very  fmooih  exiernally.  through  whofe  s 
fpindle  (hould  pafs,  and  to  which  it  fliould  be  united  fo  a 
revolve  wilh  Ihe  lube.  A  fecond  method  of  elTefling  ihe  fame 
purpofeU,  to  haveafemi-cylindrical  trough  Ihaped  and  placed 
I  fame  manner  as  the  above  tube,  in  which  Ihould  be  pul  t 
lallic  fphere  of  fmallet  diameter  Ihan  the  t|ough,  that  Hiti 
fpher^a 
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wilhfiul  friaion;  for,  being  ihin 
he  1 3ih  of  the  Ihitd  book  ut  tiludiJ, 
:r  touch  Ihe  Irough  bul  In  one  pnhit 

A  lliird  meihod  of  confiruSioii  i(, 


eight  put  C'li  il 


i~ph«re  might  move 
lormed,  il  rollows,  t 
that  ihc  rphere  ccultl 
alone  al  llic  Tame  1 

Id  place  a  C)lrndiical  metallic  rod,  or  thick  1 
the  parabolical  curve  before  djrefied,   in  the  (• 
the  above  tube  and  trDU|r|i ;   with  a  fpherical  v 
fo  as  lo  move  freely  along  il,  which  lafi  mi^hi  be  elfeded  by 
a   friflion-roller,  cither  let   into  the  upper  part  of  the  weight, 
ur  placed  above  it,  whofe  furface  (liould  be  formed  into  a  cir- 
cular groove  of  larger  diameter  than  the  rod. 

Thofe  luA  coiillruftiouK  feein  to  me  lo  have  belidei  ihc  far- 
ther advantage,  that  any  dilation  of  their  pans  from  change  d 
temperature,  could  only  lengthen  the  tubes  or  rods,  but  would 
not  alter  their  (hape,  on  which  alone  their  properties  depend  j 
which  circumflance  might  perhaps  make  them  even  more  ex- 
a&  than  that  propofecl  by  Huygent,  the  Arings,  or  appending 
part  of  which,  would  certainly  vary  in  length;  which,  though, 
from  the  be  tore- recited  theorem,  il  appears  to  be  a  matter  of 
little  confequence,  )el  Huygens  feeras  to  hint  that  it  would 
be  of  fome,  by  recommending  the  ufe  of  line  chains  inllead  of 
firings  (that  their  length  might  vary  the  lefs],  in  ihefe  word>: 
"  In  locum  fili  cofmu/a-n  Uiiiwh  txaaro,  aliove  metalio,  adki- 
iere  licebit,  quo  melius  invariata  firvclur  longiiudo." 

There  has  alfo  occurred  to  me  a  Ipeciea  of  ofcillatory  pen- Andrcilluory* 
dulum;  which,  as  it  appears  lo  have  the  fame  property  as  ihole [""'"*  P""^"* 
laft  meniioni-d,  (of  not  being  atfefled  bj  the  expaniion  of  fls 
materials,)  I  (hall  here  defiribe:  It  confiUs  of  a  cylinder  of 
iiard  metal,  A  (Fig.  ij  lurned  very  true  and  faiooih,  placed 
fo  » lo  roll  back  and  forwards  alletiialely,  in  the  cycloidal  ca- 
vity B,  cut  in  3  block  of  hard  metal  alio,  and  well  poliAied  : 
ih«  comrounicaiion  of  molion  beiween  the  rolling  cylinder  and 
the  clock  work  to  be  effected  by  the  rod  C,  fufpended  by  iis 
upper  extremity,  and  conne^L-d  wlili  each  extremity  of  the 
axil  of  the  cylinder  by  the  joints  D  D  :  The  diameter  of  Ihr 
generating  circle  of  the  cychiid  being  half  the  length  of  % 
pendulum  roil,  which  vibrates  in  the  required  lirpc,  and  tlie 
cycloidal  part  well  levelled  and  firmly  fuftained.  Il  feems  lo 
me  that  the  cylinder  A,  when  put  in  motion,  will  oriillate  equal 
times  on  its  cycloidal  fupporii  and,  (a)  the  expanfion  of  the 
latter  will  not  alter  ilt  Ibape,  on  wUich  alone  ill  propertie!  dr. 


• 

pmd J  that  the  rofalt  will  be  the  bme  in  eterjr  diflbrent 
perature  i  Bmuj  alfobe  ibmied  of  two  cjrdoidel  pbtet^  bevfaig 
ctrcoiar  grooves  hollowed  on  their  edges,  and  A  have  two 
,  projeding  circles  tamed  on  it  to  run  in  tbofo  groores ;  Ihe  me- 
Ibod  of  conneding  A  with  the  clock-work  ma j  alfo  be  varied 
many  other  ways. 
tbocmbg  fik-     Before  I  condode,  I  beg  leave  to  obferve  that  the  method^ 
tiofly  *c«  before  mentioned^  of  preventing  fridion  in  the  motion  of  the 

fphere  in  the  parabolical  trough,  might  be  applied  very  bene- 
ficially in  the  conihndion  of  rail  roads,  by  forming  the  upper 
part  of  the  rail  of  a  femi-cylindrical  Chape,  and  making  in  the 
edges  of  the  wheels,  (which  were  to  run  on  them,)  circular 
grooves,  whofe  diameters  (houM  each  exceed  that  of  the  rail ; 
in  the  ufual  way  of  forming  rail-roads,  the  lateral  fridion  to  the 
wheels  is  very  confiderable,  whether  they  have  flanchet  to 
them,  and  the  rails  are  made  plain,  as  in  the  Swanfea  roads ; 
or  the  rails  are  formed  with  riling  ledges,  and  the  wheels  plain* 
as  in  the  Croydon  road. 
Tht  cUcoUr  I  fliall  alfo  requeft  permiilion  to  mention,  in  addition  to  your 

l^|^|*"*;irt  note  on  Prony's  condenfer  of  forces,  that  a  regulator  might  be 
formed  on  the  principles  of  the  circular  pendulum,  at  Rg»  S, 
which  would  temper  the  motion  of  wind-mills,  or  other  en- 
gine.^, and  rea6t  on  them  in  return,  (as  well  as  the  fly  wheel)* 
in  a  much  more  fimple  and  effedtual  manner  than  the  very  com- 
plicated apparatus  defcribed  by  Prony  for  (he  fame  purpofe, 
and  which  feems  to  me  moreover  peculiarly  liable  to  be  broken 
by  any  fudden  increafe  of  velocity  in  the  mill,  unlefs  formed  of 
nioft  cumberous  ftrenglh. 

I  requeft  the  favour  of  having  (he  following  typographical 
errors  no(ed  in  the  paper  on  my  tallow  lamp.  November, 
1804-,  page  l-t7,  line  the  eighth,  for  the  word  frf/hf  read 
freelj/ ;  and  line  the  25th,  fame  page,  between  the  words 
meatut  and  horizontal,  infert  the  letter  P.  In  the  plate  alfo,  the 
pan  (hould  be  deeper  and  larger  than  there  reprefented,  and 
the  tallow  holder  more  central. 

I  am.  Sir, 

Your  very  humble  fervant, 

J.  WHITLEY  BOSWELL 
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Kefertnce  to  the  Figura, 

Fig.  I.  Anexafl  copy  of  the  figure  of  Huygens's circular 
pendulum,  from  the  Horologiura.  B  G  A,  the  edge  of  the 
paraboloidal  lamina :  F  £,  the  parabola  produced  by  its  means : 
F,  the  bail. 

Fig.  2.  The  firft  con(lru6lion  propofed  in  place  of  Fig.  1. 
A  C,  the  parabolical  glafs  tube :  A,  the  mercury:  C,  the  air-  , 

vent :  B  B,  the  enclofing  circular  veflTel  reprefcnted  in  fe6tion. 

Fig.  3.  The  third  conftru6lion  propofed  infiead  of  Fig»  1. 
AC,  the  metallic  rod  bent  into  a  parabolical  figure :  B,  the 
fpherical  weight :  V,  the  roller  on  which  it  moves  along  AC: 
the  parts  in  thi$  figure  are  reprefented  double,  to  (hew  the  bed 
mell^od  of  adopting  this  plan  as  a  regulator  for  wind-mills  and 
olher  engines. 

Fig.  4.  The  propofed  confirudlion  for  an  ofcillatory  pendO'* 
lum,  which,  it  is  imagined,  will  not  be  afi^e6ted  by  change  of 
temperature.  A,  the  ofcillaling  cylinder:  B,  the  cycloidal 
fupport. 

Fig.  5.  A  fc6lion  of  the  trough  mentioned  in  the  fecond  pro- 
pofcd  conftrudtion,  with  thefphere  in  it. 

Annotationi,     W.  N. 

Pyrometers, p.  74.]  The  common  pyrometers  of  the  fliopsareThe  beft  pyro- 
indeed  liable  to  the  objections  of  our  author ;  b  ut  ingenious  nien^^^"|^."^^ 
have  long  ago  obviated  them  in  their  experiments.     Deluc,  inrtfultt. 
the  Philofopliical  Tranfadions  for  1777,  gives  a  method  of  af-^^**^'*  »««*«^* 
certatning  the  relative  expanfions  of  two  different  metals  by 
heat.     He  fufpended  one  of  the  bars  to  an  arm  proceeding 
horizontally  from  an  upright  deal  plank,  and  he  fupported  the 
other  bar  by  reding  its  lower  end  upon  a  fmall  cock  or  fiage 
proceeding  from  the  lower  end  of  the  former*     A  microfcope 
was  attached  to  the  plank  in  fuch  a  manner  that,  while  it  was 
conftantly  fupported  by  an  horizontal  arm,  it  could  be  moved 
fo  as  to  keep  the  laft  mentioned  or  (landing  bar  in  the  focos  of 
radiation  for  diftin6t  vifion.     Heat  was  applied  to  the  bars^ 
and  the  microfcope  was  diredted  to  a  point  on  the  (landing  bar. 
When  by  repeated  (hifting  the  microfcope  a  point  was  found 
which  was  neither  raifed  nor  deprelTed  by  the  changes  of  tem* 
perature,  the  refped^ive  lengths  of  the  bars  were  inverfely  at 
their  expanfive  powers.     There  was  no  mechanifm,  and  the 
plank  would  remain  at  the  fame  temperature  during  the  expe^ 
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limenls,  or  might  be  kepi  h  by  means  fimilar  lo  ibofe  pointed 
uui  by  our  ingenioui  author,  or  his  block  of  flone  ilfetf  night 
have  been  ufed. 

Thai  great  arllft  Ramfden,  whofe  mechanical  Ikill  and 
deamerii  of  miclleft  were  To  varioully  difplaycd  in  his  worki, 
and  flill  more  in  hii  conveifalion  to  ihofe  who  remember  and 
regret  that  he  has  recorded  (o  lillle  ollhc  refuils  of  his  labours: 
Ihisartill  lirll  availed  himfelf  of  microfcopes  for  arcerlaining  llie' 
terminal  points  of  the  fuhjefl  under  examinalion  by  his  pyro- 
tiieier ;  and  the  interval  between  one  microfcope  and  the  other 
wai  rendered  permanent  by  HKing  them  to  arms  proceeding 
at  right  angles  from  a  bar  of  iron,  kept  at  32°  by  furrounding 
it  wiih  melting  ice.     PInl.  Tranl.  Vol.  LXXV. 

Lnfilj,a/io{licr  crror.p.T i."]  I  believe  thefmalirpringand  lii 
pie  bar  part,  if  any  beneath  the  gridiron,  arc  always  taken 
the  account.  Thele  peiidulunii  liave  not  unfrcquently 
fubjefled  to  aftual  examination.  An  old  friend  of  mine, 
J.  H.  de  Magellan  had  an  apparatus  of  tin,  (Anno  1784] 
which  he  inclufed  the  gridiron  when  to  be  examined.  It  was 
hung  by  its  fpring  lo  an  arm  lixed  in  an  upright  plank  of  deal 
wood,  agaiuli  which  plank  were  attached  thermometers  lo  Ihew' 
its  Hcadinefs  of  temperature;  and  from  the  center  of  ofcilla- 
lion  proceeded  a  (temporary)  rod,  the  end  of  which  pre- 
fenled  a  dot  as  thii  object  lo  be  vieived  through  a  microfcope 
duly  Bllached  to  the  plank.  Without  diveliing  minutely  ** 
this  apparatus,  1  need  only  obferve  that  neither  the  arm  of 
pention,  nor  the  fupport  of  ibe  microfcope,  nor  the  rod  ft 
the  center  of  ofcillation  had  any  parts  but  fuch  as  were  paral* 
lei  to  iliu  horizon,  while  ihc  pendulum  itfelf  was  perpendicu- 
lar lo  it,  and  confcquenlly  that  no  error  could  arife  bat  from 
evpanGon  in  ihe  plank,  which  remained  at  ihe 
perature^and  that  the  tin  apparaluswhich  covered  and  enclol 
the  pendulum  had  only  three  openings,  one  at  Ihe  boLlom^ 
at  lop,  and  one  through  which  the  rod  from  the 
ofcillation  palled,  without  touching  the  fiden.  In  (he  experi- 
ment, fleam  from  boiling  water  was  admitted  below,  and  when 
tte  heal  was  fo  railed,  and  the  fupply  kept  up,  that  uncoik 
denfed  lleam  efcapcd  above  the  pendulum  was  judged  to  be 
212",  and  if  the  center  of  ofcillation  conlinued  beli 
microfc'ipe  without  either  liiing  or  falling,  Ihc  compcnfatJl 
wni  cuufidered  as  complete. 
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Mr.  Tfoufhlon't  apparalui,  alluded  lo  in  his  pspet  is  diffsff-  TiouEhwn'i 
•  1)1  Crom  ihofe,  and  when  !ic  (lull  favour  roe  wilh  ihe  accouiil  PI"""'  *" 
of  il,  and  (lie  expetiinenta  lie  ii  making,  the  world  will  fee  [hat 
it  uifwen  ils  purpofe  i^fth  fuch  facililyandprccifion  ai  do  ho- 
nour lo  hii  gr»l  (kill  in  liiefe  fubje^;. 

Cireutar  Feiidtduinof  Huy^ens.]  The  diHicullie!i  attending  Remirki  an 
the  conllriiaion  of  this  pendulum  feem  lo  be  pfincipully  in  "ie"!!,'',*''^d„tn'^ 
firing  or  chain.  Perhaps  line  metallic  wire  might  deferve  the 
preference.  It  would  not  probably  be  difficull  to  bring  the 
curve  A  B  fuliicientl)'  near  (he  true  figure  to  anfwer  ili  general 
purpofe,  thrOufrh  the  changes  oF  force  in  the  firft  mover,  bbc! 
of  refinance  in  the  air.  Pradical  men  liave  not  thought  the 
cycluldal  cheeks  applied  by  Huygens,  and  fince  him  by  others, 
to  the  cotcnum  pendulum,  of  any  utility  ;  but  have  rather  di- 
refied  their  attention  (o  fmall  vibrations,  or  an  equalizing  of 
Ihs  tirfl  mover  by  periodically  detaching  the  (rain.  Haygeni 
himfelf  alfo  propofed  thii  expedient.  It  is  generally  admiiled 
to  be  an  advantage  that  the  re;;ulaling  inllfumeni,  whether  pen< 
dulaia  or  balance,  (hould  petforin  the  grealefl  part  of  iti  mo- 
tion anconne£ied  wilh  the  train.  The  circular  pendalimi  It 
conAaotly  (o  connected. 

As  Ihe  ingenious  author  has  not  detailed  his  leafons  for  Whether  it  bt 
thinking  that  pendulums  of  ihii  kind  will  not  be  affefled  by  [hl^^^J,^^ 
change  of  temperature,  I  would  fimply  remark  that  it  does  not  trmpepiwre.  , 
appeal  to  me  why  an  exp^fion  of  the  Aring  Ibould  not  caufe  ^^ 

the  pendulum  of  Huygens  lo  revolve  more  (lowly,  or  that  an  ^H 

expanGon  of  ihe  curves  in  the  other  figures  would  not  Jimi-  ^B 

nifti  their  curvature  and  produce  Ihe  lame  retardation. 

The  tube  mai/  be  eactojid  in  a  circular  vcjil.]  As  the  refill-  O"  d"  mtshoa 
■Bceof  the  air  will  vary  nolefs  than  a  lenih  or  a  fi^eenth  partp^^f],"j^"yj|)' 
according  to  the  flalion  of  the  barometer,  we  might  expert 
time  piecei  to  be  confiderably  aflbaed  by  ils  irregularity.  In 
■ftronomical  clocks,  with  heavy  pondulums  and  Ihott  vibra- 
tions, this  quantity  is  eitremelj  minute,  as  ji  proved  by  their 
TCry  correfl  performance.  But  iher*?  are  faflj  attending  tlie 
peiformance  of  our  bed  portable  chronometcti,  which  Ihciv 
that  it  ii  not  in  lliem  an  incontideralile  object.  Several  year* 
tgo  I  entertained  a  notion  that  the  refifi.incc  of  the  air  might 
be  rendered  equable,  or  in  fact  done  away,  by  boxing  up  the 
baUnce,.as  is  here  propofed  by  our  author.  But  liron  his 
own  excellent  paper  on  the  blaA  ventilator  inferted  in  tb« 
VoL.X,— FnKUAa.y,  1905.  G  fourth 
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fourth  volume  of  the  quarto  feries  of  this  Journal^  as  well  at 
from  ihofe  of  ProfefTor  V^enturi^  inferted  in  the  fame  work.  I 
learned  how  greatly  the  lateral  readion  of  ihe  air,  which  is 
put  in  motion  by  bodies  palling  through  it,  mud  affed  their 
movements.  From  this  cau(e  the  value  of  (he  contrivance 
will  undoubtedly  be  diminifliedy  but  I  think  not  done  away. 
I  believe  the  famous  pocket  time-piece  made  about  the  year 
1784,  by  Emery  of  Charing- Crofs,  for  the  Prefident  Saron 
at  Paris,  had  its  balance  boxed  up ;  but  as  I  fpeak  only  from 
recollection,  it  is  quite  as  probable  that  the  whole  movement 
was  enclofcd  in  a  cap  or  cafe  fliut  up  by  a  fecret  catch. 


Brr.jimin  or 
Lrnz  *ca  litck 


Mr.  HatchctL's 
cxperimcnti. 


Bcnz-MH  is  ob- 
tained from  the 
fiyrax  benzoe. 

Two  kinds: 
viz*  benzoc 
am)gdaloidc8y 
and 


III. 

Analjftical  Experiments  and  ObfervatioiM  on  Benzoin,     By  Mn 
Wi LLiAM  Branded     Communicated  by  the  Author J^ 

X  HE  fubAancc  which  forms  the  fubje6t  of  the  following 
experiments,  and  which  is  generally  termed  Gum-Benjamin  or 
Benzoes,  may  be  enumerated,  among  thofe  objedls  which  till 
lately,  have  but  little  engaged  the  attention  of  chemifts. 

We  are  indebted  to  Mr.  Hatchett  for  almofl  all  (hat  is  as  yet 
known,  as  to  the  chemical  properties  of  the  refins,  gum-re(ins 
and  balfams;  and  as  the  fubftance^n  quedion,  had  not  been 
examined  by  that  gentleman,  I  v/as  induced  to  make  the  fol- 
lowing attempt. 

Benzoin  is  obtained  by  incifions  made  in  the  tree  called  Styrax 
Benzoc  f,  from  whence  the  balfam  flows,  one  tree  fcarceiy 
ever  yielding  more  than  three,  or  at  the  mod  four  pounds. 

Benzoin  is  generally  divided  into  two  kinds;  the  one  is 
formed  of  whitiQi  yellow   tears,  refembling  almonds,  united 

*  The  following  experiments  were  made  merely  with  a  view  of 
afccrtaining  the  effefts  of  different  menftma  on  benzoin  ;  but  as  the 
a6lion  of  feme  of  the  acids,  &c.  would  have  been  much  left  in- 
terefting,  without  a  knowledge  of  the  component  parts  of  the  bal- 
fam, I  was  induced  to  make  fome  analytical  experiments,  which| 
though  I  fear  they  jfrc  by  no  means  fo  accurate  as  they  ought  to  be, 
will,  I  ho^e,  ftill  be  found  of  fome  ufe. 

+  Dryandcr  has  given  a  defcripiion  and  drawing  of  thi»  tree,  viJe 
Phil.  Trans.  1787.  p.  307. 

together 
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tOj^ether  by  a  brown  fubftance  of  the  fame  nature,  and  is  diA 
tingui(hed  by  the  name  of  benzoe  amygdaloides. 

The  other  is  a  brown  fubflance,  fomewhat  refembling  com-  comaoii  ben- 
mon  refin,  but  poflefling  in  other  rcfpeds,  the  fame  qualities  as 
the  former;  it  is  called  common  benzoin. 

The  difference  between  thefe  two  fpecies  is  faid  toarife  from  Caafe  of  this 
tbe  latter  having  been  expofed,  for  a  length  of  time^  to  the  ■  '"*^**« 
fun,  which  converts  the  while  benzoin  into  the  brown. 

The  benzoin  of  the  (hops  is  ufually  in  very  large  brittle  Bensoln  of  tbe 
•  mafles,  and  fuch  as  is  wliitefl,  and  free  from  extraneous  fub-^^'* 
fiances  is  the  rooft  efteemed.     It  grows  in  Sumatra,  and  is 
brought  from  the  £a(l  Indies  only. 

When  chewed,  it  impreifes  a  (light  fweetnefs  on  the  palate;  Taile. 
it  has  however  but  little  tade.     Its  fmell  is  fragrant  and  very  SmelU 
agreeable,   becoming  much  more  perceptible  when  gently 
heated. 

When  thrown  on  hot  coals  it  (ir(l  fufes,  then  takes  fire,  emit-  Bffeat  •f  heat 
ting  at  the  fame  time  a  ftrong  penetrating  odour.     Its  fpecific?"  ^*«**<»">- 
gravity,  according  to  Bri(ron,  is  1 .092. 

Gren  enumerates  it  among  the  reiins  ^,  as  do  mofl  other 
autliors  of  his  time;  it  is  however  more  properly  denominated 
a  balfam,  (ince  it  is  a  combination  of  re(in  and  benzoic  acid.  Compofed  of 

We  (hall  (irft  examine  the  eflpeds  of  different  menflrua  on '^*?" '^  ^•°*<>* 
benzoin,  and  then  proceed  to  its  analyds,  together  with  the 
methods  of  obtaining  benzoic  acid. 

*  I. 

fjfftds  of  different  Mcnjlrua  on  Benzoin. 

1.  Cold  water  has  but  very  little  e(fe6i  on  benzoin;  boiling  Efieat  of  water 
water  however  exlradts  a  part  of  its  acid.  o**  bcnxoin. 

2.  Alcohol  dKTolves  the  whole  of   benzoin  when   digefted  Of  alcohol, 
with  it  in  a  very  gentle  heat,  the  impurities  remaining  behind. 

The  folution  is  of  a  dcej)  yellow  colour,  when  perfedly  fatu- 
rated,  inclining  to  reddilh  brown,  and  poirelTing  in  fome  degree 
the  fragrant  fmell  of  the  balfam,  which  may  be  obtained  pure, 
either  by  gentle  evaporation  of  the  folution  or  by  the  addition 
of  water,  when  a  white  powder  precipitates,  formerly  known 
by  the  name  of  magidery  of  benzoin. 

The  anions  of  the  acids  on  the  folution  of  benzoin  in  alcohol  A^ion  of  tht 
are  very  deferving  of  attention.  wids  on  this 

*  Handbuch,  %  1 174.    l?nd  edition.     17:)4. 

G2  A.  Muriatic 
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itid-  A.  Muriatic  acid  being  added,  a  white  curd  ii  fonuedi  and 
when  tiiree  parti  of  acid  and  one  of  (he  Tolulion  are  tirated  to- 
gether, B  very  fmali  pan  of  the  balfam  ii  rcdiflblved,  which 
fqiaraletas  the  mixture  cnols^v'hile  the  remainder  it  convened 
inln  a  black  brittle  fubJtance  when  rold,  part  of  the  benzoic 
acid  having  been  diflipuedby  the  heat  and  part  dtlToIved,  fome 
of  whicb  feparatet  in  llie  firm  nfa  white  foim,  ai  Ifiemixlurt 
cool*,  logelher  wilh  ihc  benzoin, 
OrAlfbuik  B.  Two  or  three  dropt  oF  fulphurtc  acid  added   to  the  al- 

•cia.  ciJiolic  foiution,  occafion  a  while  precipKale,  which  difappmra 

nn  [he  addidon  of  a  rmal!  quantity  more  of  acid,  the  mixture 
^^^^  aiTuming  the  appearance  of  port  wine. 

^^^1  If  however  equal  par[<i  ol  liie  fululion  and  of  fulphuricacid 

^^^1  he  miKcd  [o(^ther,  a  djirk  pink  precipiiale  is  formed,  the  fluid 

^^^H  becoming   likewifv  of  the   fame  cotour,  but    the  addition  ut 

^^^H  water  dianges  Ihc  whole  to  a  lilac  colour. 

^^^H  On  e  rap  orating  It  mixture  of  equal  parts  of  foiution  of  bfn- 

^^^H^  zoin  and  fill ph uric  acid,  tlic  liquid  retains  ill  beaulifui  red  co- 

^^^^E  lour  till  towards  the  end  of  the  procefi,  when  it  becoiQe)  gr*- 

^^^V  dually  darker,  and  If  the  evaporation  be  carried  on  in  drynef-. 

^^■^  a  black  coaly  fubflance  remains,  a  ducompolilion  of  the  bslliiiii 

P  having  taken  place. 

I  Of  nitrie  kM.        C.      Nilric  acid  added  to  the  foiution  of  benzoin  in  alcohol 

form)  a  dark  red  fluid,  and  when  equal  quanliiieaare  mixed,  a 
violentefrervefcencetBl.es  place,  attended  wilh  iheemiflion  of 
much  niirous  gas.  It  nmft  be  obferi'ed  thai  in  thii  inftance, 
noprecipilale  is  formed,  which  proves  that  the  batfam  is  folu- 
ble  in  nitric  acid. 
OfMctoaiKk.     D.     The  etfeOt  of  acetous  Hcid  do  not  uKceed   (hofv  of 

Of  acetic  kW.  E.  Acelic  acid  forran  a  precipitate  "  hen  added  to  this  fo- 
lutiun  of  benzoin.  The  efltcts  produced  by  acelic  actd  on 
benzoin  will  be  noticed  hereafter. 

Of  the  ilciliej.  V.  The  alcaliej  form  no  precipiiale  in  this  foiution  of  ben- 
zoin) although  the  mixture  in  Ibme  cafes  becomes  fomctvhat 

Aflron  of  3,  Ether  dilTolves   benzoin  wilh  great  fceility,  (he  balfam 

cihcronlxnjola.  ^j^g  feparaled,   when  ihitfolulion  iiiagilaled  with  water. 
Efftfl.  of  the         The  eireS^  of  the  acids  on  this  ethereal  folulion,  h  ntarly 
icidi  on  th!)       coincide  with  ihofe  pniduced  on  Ihe  folulion  in  alcohol,  that 
*''""'"■  there  will  be  no  need  of  a  detailed  account  of  tbem. 

4.  Nitiio 


*,  Nitric  Bcid  producer  a  violent  pfTervcfcpnce  when  poured  Effefti  of  o 
upon  pon'dered  benzoin,  the  balsam  (icing  at  the  fame  lime 
converted  into  an  orange  coloured  maf*. 

Six  ounces  of  ntlrout  acid,  of  Iha  fpecifii:  ^ravitj' (tf  J.36  Saliiiioa- 
being  poured  on  one  liundred  grains  o\'  very  pure  benaotn  re- 
duced into  powder,  (lie  mixlure  being  gradually  healed  in  a 
fend  bsth  till  il  boils,  a  folulion  of  a  light  yelFow  colour  rs 
formed.     The  folittion  thus  obtained,  depiifilj  a  fmall  qiistitity  Sepwitim  of 
of  benzoic  acid,  ai  it  cools  :  thi«  qirantiiy  gradnally  incrcafi.ii,  ,"^1""  " 
till  after  fome  days,  tht:  whole  of  the  bcjizuic  acid  appeati  lo 
fiave  been  fe  para  i  erf. 

Thi^  faft  was  lirft  obferved  by  GoHling ;  he  does  not  how^  S^lt  obfcved  by  J 
ever  fcein  to  have  obferved  tliat  the  whole  ol  the  balfara  is  fo- 


Coitllnj. 


luble 


cid. 


A.  When  the  above  folulion,  recently  made,  is  poured  into  E"*^*^**'" 
water,  the  benzoin  is  precipiiaied,  apparently  unaltered.  foiution, 

B.  Sulphuric  acid  caufei  no  olteratioa  tn  this  lolulinn.  of  fulphuk 

C.  Muriatic  acid  ftimn  a.  wkite  precipitate  which  is  re.",  murl»tie 
cfiifolved  on  the  application  of  heat,  forming  a  bright  yellow-  uid. 
liquid,  which  is  a  folulion  of  benzoin  in   nilro-muriatic  acid,  Sol- of  lHi»wn 
aud  in  which  no  precipitate  is  formed  eitJier  by  water  or  (j,e  ^.""™" ""'""• 
alcalies.     lit  colour  is  converted  into  dark  brown,  when  ex- EffcOi  of  witer 
cefs  of  potafti  is  added.  ^^^'^'  f^'"" 

5.  When  fulphuricacid  is  poured  on  puiverifed  benzoin,  an  mur.  fulbtian. 
effervescence   lakes   pJaccj  part  of  the  benzoin  is  dilfolved ;  ^**'' <"^'- 
forining  a  deep  red  liquid,  and  at  the  fame  time  a  coaly  fub-  bcnioin. 
flance  remains  on  (he  furface.     Sulphureous  acid  gas  is  difen- 

gaged  during  the  foiution. 

A.  The  alcalies  form  no  precipitate  in  this  folulion,  (ill  after  ^^<'^*  "f  *? 
fomeltours  (landing,  when  a  dark  coloured  precipitate  informed,  foiunon 

B,  Water  producer  a  lilac  precipitate  in  Ihe  recent  fulu(ioi),  of  vtui. 

6.  Neither  muriadc  nor  acetous  aciiU  have  any  effcft  on  EScfli  of  mo. 
benzoin.  '"''*  »"''»"- 

7.  Acetic  acid  diflblves  benzoin,  even  in  the  cold.     The  bt main, 
folulion  formed  by  (he  affiflance  of  heat  becomes  very  turbid  "^  ""**  "'*' 
on  cooling,  owing  to  the  reparation  of  (lie  benzoic  acid. 

A.  The  alcalies  torno  a  while  precipitate  in  (his  folulion.—  Efftfli  of  *< 
The  precipitate  formed  in  the  alcoholic  folulion,  CfS'  ^^J  hUiwa"  * 
H  re-dilTolved  alter  fonte  hours  (landing. 

8.  Acetic  elher  dilTolves  benzoin,  wiilioul  the  affifiance  of  S"'*'"  »f  «** 

9.  When 


I 


AV^L^ICAL  BCnftfWBVTS-Alio 


BMb'^Mi 


Effiiat«rtiic 


:-  9.*Whtli  a  bbiliiig  lixiMinm  of  pvnipolilb  it jioqfe4  <M 
lien^poiiiiy  a felutkm  himmMalUiy  fixsMdi  the .ianKsefllcA is 
produced  when  pure  foda  is  mode  afojof.  Thefe  fi^ntions  ant 
of  a  darl^  bcowti  cokMir»  and  beoome  toibid  after  fiwne  dajt 
eqKrfiire  to  the  air. 
Prw^pitaies  are  formed  in  them  by  the  actds^  which  are  re^ 
diflUvod  oo  the  applicatioa  of  heat«  when  nitric  or  ao^addi 

ziMbV  «*.  ore  added  in  csoeib.  Ammonia  ItlLewife  diflblves  a  fmall  qnaa* 
tifjr  of.  benaoiof  from  which  fdiitjoii  it  it  precipitated  by  the 
oddt. 

XflUbtf  water    No  alteration  is  produced  when  the  4calipp  (bli|tio|it  arft 

S*j;J^    laigdy^ 

511. 

ANALYTICAL    BXpaaiMBNTt    ON    BINZOItf. 

One  hundred  giaint  of  very  pure  benaoin  were  pot  into  a 
gfaUs  retort^  to  which  a  tobohted  receiver,  and  pneomatic  ap- 
paratus were  adapted ;  a  very  gentle  heat  wat  firft  applied^ 
yrhich  wat  afterwardt  gradually  increafed,  till  the  bottom  of 
the  retort  became  ned^hot*  liie  prodpfit  that  obtained  wera 
atfoUowt. 

Benzoic  acid         ......        9. 

Acidulated  water  -        -        •        -        -    5.5 

Biityraceous  and  empyreumatic  oil  -        -      60. 

Brittle  coal       -------22. 

And  a  mixture  of  carbonated  hydrogen  and  car- 
bonic acid  gas,  which  paay  be  computed  ^t  .    3»5 


IXftilktioBof 

fcffUffliHt 


Component 
pvti  of  beo- 
coin. 


100.0 


The  quantity  of  benzoic  acid  above  mentioned  is  tlial  which 
may  be  feparated  by  fublimation  only,  for  on  treating  the  ml| 
(which  amounts  to  60  grains)  with  water,  five  grains  more  of 
acid  may  be  obtained,  fo  (hat  100  grains  of  benzoin  contaifi 

Oil    ...    55 
Acid       -    -     ]4 

*  For  an  account  of  Mr.  Hatchett^s  experiments  on  the  refinsi 
gpm  reilnsy  and  baifams,  fee  Thompfon^s  Syftem  of  Chemiftiy,  24 
edition,  Vol.  IV.  page  305.  for  the  refins  and  bsLlfams  to  page  32t* 
And  from  page  341  to  347  f6r  the  gum  refins. 

*  The 


OBSIRTATIOMS    ON    BINZOrN.  ^7| 

The  greateft  quantity  of  benzoic  acid  is  obtained  by  Cbap- Chaptal't  me- 
tals method,  which  confiftsin  diftilling  all  the  produas  overJ^^^J^|J;**"« 
together,  and  feparaling  the  acid  by  means  off  boiling  water. 

The  acid,  however,  thus  obtained,  is  by  no  means  fo'pureScheele'i  pro* 
as  that  procured  by  Scheele's  procefs  *,  which  is  certainly  far  **^'* 
preFerabJe  in  many  refpedls. 

>\nother  way  of  obtaining  the  benzoic  acid,  is  that  recom-  Oottrinf*t^o» 
mended  by  Gottling.     It  confifts  in  digcfting  the  balCaro,  in  a  «f«  ^^^ 
gentle  heat  with  carbonate  of  potafti  and  precipitation  by  ful-tdd. ' 
phuric  acid.     Gren  made  ufe  of  carbonate  of  foda:  but  it  muA  Gren*s  ^rocifib  - 
be  obferved  that  in  both  thefe  procefTc.^  the  acid  is  by  no 
means  fo  pure  as  that  obtained  by  Scheele's  method,  becaufe  .  * 

a  far  larger  proportion  of  the  benzoin  itfclf  is  foluble  in  the 
tixed  alcalies,  than  in  lime  water,  ((he  latter  only  difTolving  a 
very  fmall  portion,  to  which  its  brown  colour  is  owing)  and 

*  Scheelc^s  procefs  is  as  follows :  '<  Upon  four  parts  of  unflacked 
hme  poor  12  parts  of  water,  and  after  the  ebullition  is  over  add  96 
paits  more  of  water  j  then  put  12  parts  of  finely  powdered  benzoin 
into  a  tin  pan ;  pour  upon  it  firft  about  fix  parts  of  the  above  milk 
of  lime,  mix  them  well  together,  and  thus  fucceflively  add  the  reft 
of  the  mixture  of  lime  and  water.  If  it  be  poured  in  all  at  once, 
the  benzoin  inftead  of  mixing  with  it,  will  coagulate  and  run  to- 
gether into  a  mafi.  This  mixture  ought  to  be  boiled  over  a  gentle 
fire  for  half  an  hour,  with  conftant  agitation  ;  then  take  it  from  the 
fire,  let  it  (land  quiet  for  an  hour,  in  order  that  it  may  fettle;  pour 
off  the  fupernatent  limpid  liquor  intu  a  glafs  veffel.  Upon  the  re- 
mainder in  the  pans  pour  96  parts  of  pure  water,  boil  them  toge- 
ther for  half  an  hour,  then  take  it  from  the  fire  and  let  it  fettle  i 
add  the  fupernatent  liquor  to  the  former ;  pour  upon  the  reiiduum 
fome  more  w^ter,  boil  it  as  aforefaid,  and  repeat  the  fame  procefs 
once  more.  At  laft  put  all  the  reliduums  upon  a  filter,  and  pour  hot 
water  feveral  times  upon  it.  During  this  procefs,  the  calcareous 
earth  combines  with  the  acid  of  benzoin,  and  (eparati-s  it  from  the 
refinous  particles  of  this  fubftance.  A  fmall  quantity  of  the  refin 
is  diffolved  by  the  lime  water,  whence  it  acquires  a  yellow  colour. 
All  thefe  clear  leys  and  decoAions  are  to  be  mixed  together  and 
boiled  down  to  24  parts,  which  are  then  to  be  flrained  into  another 
glafs  veHTel.  After  they  are  grown  cold,  muriatic  acid  is  to  be 
added,  with  conftant  (lirring,  till  there  be  no  further  precipitation, 
or  till  the  mafs  taftes  a  little  fouiiih.  The  benzoic  acid  which  was 
before  held  in  folution  by  the  lime,  precipitates  in  the  form  of  a  fine 
powder."    Vide  Thomfon's  Chcmittry,  Vol.  II.  page  123. 

which 


The  Kid  of 
fatnioiai   iiA 

derciibcd  by 


$9.  ANALYTICAL    ■XPtRIMtirrS-  AND 

which  is  precipiUled  by  the  diluterl  fulphutic  acid.  Tli«  fol- 
lowing table  Ihcwi  ihe  quantity  of  benzoic  acid,  oblained  by 
the  diBerent  proccJTes,  from  one  pound  of  benzoin. 

0(.   Dr.  Scr.Cn>  ^ 
Scheele's  procefs  -        -         -        -     ]     6     3 

Cliaplari 2     0    0 

By  boiling  benzoin  wilh  water        -        -     1     0     0     10  ■■ 
By  Gren's  and  Gollling's  procelTes      -         15     1     lO*^ 
Benzoic  acid  is  del'crlbed  by  Blaife  de  Vjgenerc,  at  long 
t  iheyear  1603,  in  his  trealife  on  fire  and  faltj  he  called' 
lowers  of  benzoin,  becaufe  ii  was  obtained  by  fublimatit 
Vipocre.  We  are  indebted  to  Trorofdoif  and  Lichlenflein  for  many 

relating  to  this  acid. 

J'roptrtia  ttf  the  Acid  fff  Benzoin. 

This  acid  when  obtained  according  to  Scheele's  procefs,  h 

Tiiltofih*      *  ''£'''  yc'low'1'  powder.     Its  raile  is  hot  and  ralhei bitt«r. 

lai.  Ii  potrcires  a  fgoiewlial  flagrant  fmell,  arifing  from  a  fmall  [)«• 

lion  of  ihe  aromatic  oil,  which  Hill  adhetes  to  it,  it  bu  bawo 

ever  been  obtained  without  any  froell  by  Giefe, 

Fropeitlnli)  It  reddens  linfiure  of  turnfole.     It  i'i  volatilized  by  a  gentle 

£cacrii.  Jieat.  being  fonverled  into  a  white  fmoke,  which  excites  a 

very  dilagreeable  fenfalion  in  ihe  throat.     When  melted,  it 

becomes  as  fluid  as  water,  and  alTumes  a  radiated  furface  on 

cooling.     Its  rpecidc  gravity  is  0.667. 

DccompoCilDTi.        When  dillilled  in  clofe   veffels,  a  part  of  it  is  dccompofed, 

which  is  converted  into  oil  and  carbureted  hidrogen  gas.— 

IffeflsnfoifiEenXromrdorft  found  that  it  wa;  not  altered  by  oxigen  gas,  nor 

'^{j_    '  '  by  the  (imple  combullibles  or  inconibullibles. 

Of  fiilphune  It  is  foluble  in  fulphuilcacid,  which  iiconverU  into  a  brown 

■"  liquid,  and  from  which  ii  is  feparated  by  theaddilion  of  water. 

Of  niirleuid     The  fame  efFefls  are  produced  bynilric  acid,  and  by  fulphu- 

fnlphuroai  ind  reous  and  nitrous  acids.     It  is  not  afled  upon  by  muriatic,  ox. 

EffcAi  of  nrn-  ymurlalic,  or  phofphoric  acids.     It  is  ealily  foliible  in  alcohol) 

liaik  idd,  kc  from  which  it  is  precipitated  on  the  addition  of  water.     It( 

*  Of  pure  aeid,  obtained  by  treating  the  prscipitite  with  boiling 


+  SeeTromfdorf's  experiments  D 
An  Fbaiiwuic. 


the  benzoic  acid,  in  his  Journal 


ON    BEKZOtX. 

vs:* — White  oside  of  arfenic 
baryies,  lime,  magnelia,  alumina. 


Inaffiniiiet,   ^M 


Properties  0/  tlu:  Oil  </  Beiaoin. 

The  oil  obtained  by  the  dinillatioi)  of  benzoin  poOelTe 
flronf;  empyreutnaljc  odourj  but  witen  ic^tilit-ii  hy  a  iecond 
diCliilation,  itsfmell  is  exceedingly  flagrant  and  pleafant.     ItsSincli 
taile  is  acrimonious  and  very  difagreeable. 

When  dillilled  with  water,  it  impant  fome  of  its  laltetoimpar 
(hat  fluid,  Jt  isperfefliy  foluble  in  alcoliol,  ibe  folulion  be-^^*"^ 
coming  lurbid  when  water  ii  addei).  ilcohc 

Sulphurio  acid  decompofes  it  in  pari,  when  the  mlxlure  i»  Aain 
healed.  Nitric  acid  acls  on  it  a:  on  the  cirenrial  oilt  in  gene.  P^"''; 
ral,  converting  it  into  a  refinous  fubilance.  It  it  not  aReAed  oitm 
by  muriatic  acid,  but  ii  patliaUy  (oiuble  in  acetic  acid.  Iton^'tb 
liiiki  in  water;  and  furmi  fnponaceou*  conpuundt  with  the 
alcalies. 

Sucii  are  the  freneral  properties  of  the  acid,  and  oil  of  b«n> 
igoin,  much  more  might  andoiibtedly  be  faid  concerning  ihem ; 
but  as  the  foregoing  experiments,  were  not  made  with  a  view 
of  invefligating  their  properties,  it  would  be  unnecetTary  to 
give  a  long  account  of  iheni  in  tliis  pJace.  It  muft  be  ubierved 
that  the  pureft  benitoin  has  been  made  ufe  of  throughout  i  and 
Uftly,  that  no  traces  of  alcali,  were  found  in  the  cuol  which 
retnains  after  di It'll lali on. 

Arlinglon-Strett. 


IV. 

On  the   Devilrijicalion  qf  Glqfi  and  Ihe  Flu  noiit^nawlMh  hap- 
pen during  its  Cryfiallivitioa,     Bj  D^UTICVes. 
(CorKluded  from  Ptgt  64.) 

VV  H  EN  clear  glafles  contain  a  certain  quantity  of  a  neutral  I"'p*'fc3 
fii!t  which  the  iire  has  not  had  time  or  force  lo  diflipale,  jt^'*^"' 
often    happens,    during   flow  cooling,    that  the  appearances 
called  greafe,  threads,  bubbles,  and  fpecks,  are  ^onlaoeoully 
and  fuddenly  formed, 

*  Thii  table  of  affinitin  wax  forncd  according  to  the  ezpniineit* 
of  TromrdariT.  Vide  Thorn fo n't  Sfltem&of  Cberaiftiyt  Vol.  IL 
page  i£€,    2ad  edition. 


9Q  Dffvsrmfne&VKOv  o»  .«i(AMP 

. :  Thttfe  Acddanti,  thair  difliwiut  caofat  a^d  i«Mdiai»  aie 
treatad  at  Icnglh  in  Iba  fiiil  part  of  my  work,  wbera  I  fpaak 
of  Uie  fending  of  glafi ;  bqt  thoogh  the  explanation  of  thefe 
Tadi  entirely  belongt  to  the  theory  of  devitrification,  it  will 
be  fufficient  in  this  pkce  to  mention  the  phenomena  whkh 
from  the  prefence  of  the  diiTerent  earthi. 
.CokMtfltla  glafles  contain  more  or  lelt  oTlime,  for  the  rea- 

if  EflM  m  |M  £q^  which  I  have  mentioned  in  fpeaking  of  the  difierent  com- 

pofitioBt  of  glafi.    This  time,*  when  in  eaccefs,  gives  ciyflals 

.'very  wdl»  as  Loyfel  remarks:  they  are  eafily  4oown»  and  ib 

abundant,  that  they  abfolately  impair  the  traofparency:  they 

.  are  prifins,  which  feem  to  float  in  t|ie  midft  of  the  pafte  of 

glaft,  and  tend  to  unite  in  ftars  difietently  ^gnred:.  thefe 

.  prifms  are  all  nearly  of  die  feme  thicknefs,  and  two  or  three 

millimetres  in  length  (aboat  one-tenth  of  an  inch). 

taiaftmiflis*  '  When  this  cryftalliaation  takes  place  ipontaoeoolly  opoo 
large  mafles  at  the  bottom  of  the  furnace,  the  colour. of  the. 
glafi  becomei  darker,  and .  inclines  to  black,  by  the  msxtore 
of  a  certain  quantity  of  the  aibes.  Tlie  ilrialed  fian  here 
fpoken  of,  become  more  numerous,  the  more  remote  they  are 
from  the  fide  in  contad  with  the  fire.    Cryflallisations  at  firfi 

^  infulated,  are  foon  fucceeded  by  a  mafs  entirely  cryftalKaed, 

in  which  the  vitreous  character  is  no  longer  diftingtiifhable. 

Modified  cryftal- .    Thefe  are  the  mod  common  charadlers  of  cryftaUization ; 

lisationsingkis.  i^Q^  Others  are  frequently  feen,  which  are  certainly  owing  to 
accident,  and  well  deferve  notice  on  account  of  their  va- 
rieties*. I  have  fome  pieces  of  glafs  in  which  cryftals  are 
difcernable,  fo  fine«  that  they  can  fcarcely  be  feen  with  a  mag- 
nifier. They  are  prifms  divergent  from  (he  fame  center,  and 
forming  ftars,  which  frequently  do  not  exceed  one  millimetre 
(or  half  a  tenth  of  an  inch)  in  diameter:  their  union  refembles 
a  flight  mift  in  the  pafte  of  the  glafs. 

Some  pieces  have  the  afped  of  a  faline  crufl  applied  to  a 
.foreign  body,  againd  which  the  glafs  was  in  contad.  In 
fome  of  thefe  this  cruft  being  compofed  of  flriated  protube- 
rances, appears  to  advance  more  and  more  into  the  glafs 
itfelf. 

Laflly,  ^ere  is  anotlier  variety  perhaps  more  curious  than 
all  the  red,  in  which  centers,  or  cryflallizations  refembling 

♦  Mr.  Sige  poffcifcs  a  piece  of  glafs  cryftallized  in  fix-(ided  ba- 

f&ltic  prifms,  totally  deritrified. 

•  •    •. 

peasf 
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peas,  and  almofl  fimilar  to  grain,  are  feen  in  the  midft  of  the 
paHe  of  glafs.     They  are  fmall  fpheres  flattened  at  each  end 
with  an  indentation  in  the  middle  of  each  depreflion.    The 
(ides  have  facetts,  like  the  grain  of  Indian  nadurtiura,  and 
thefe  fafletts  are  always  fix  in  number. 

I  intend,  when  I  (hall  have  procured  a  fuflicient  number  of 
this  (ingular  fpecies  of  cryfial,  to  analyze  it,  in  order  to  de- 
termine which  of  the  earths  it  is  that  effects  fo  extraordinary  a 
form. 

I  have  thus  given  a  (hort  account  of  the  principal  fa6U 
which  charadterize  the  precipitation  and  crydallization  of  glafs. 
It  is  evident  that  they  are  of  the  fame  nature  as  thoife  produced 
by  the  cementation  pointed  out  by  Reaumur ;  and  that  thii 
cementation  is  always  a  more  or  lefs  abfolute  devitrification  of  .1 

the  glafs. 

When  the  glafs  is  devitrified,  it  has  no  longer  a  vitreous  Recapitolidoa. 
but  a  granulated  fradlure ;  it  has  no  tranfparency,  and  perfedlly 
rcfembles  a  (lone ;  it  becomes  a  lefs  bad  condu6lor  of  heat  and 
of  elc6!ricity  ;  laftly,  it  is  no  longer  fufccptible  of  fufion  at  the 
fame  degree  of  heat;  and  in  order  to  reiiore  it  more  eafily  to Rcvitpficatioiu 
the  vitreous  (late,  it  mufl  firft  be  pulverized,  to  bring  into 
cental  ihofe  fubftances  which,  during  the  crydallization,  had 
become  feparated  from  each  other,  and  could  no  longer  ferve 
SLs  fluxes  to  each  other. 

I  hope  the  novelty  of  many  of  the  fadls  I  have  here  indicated,  denenl  concki. 
and  the  confequences  I  have  drawn  from  them,  may  be  fufti-  'l®"  *°f*PP^ 
ciently  intcrefting  to  philofophers  to  have  fome  claim  to  their  •"**»• 

attention.  I  have  no  doubt  but  that  other  general  indubious 
will  prcfent  themfelves  to  them  which  may  have  efc*aped  me, 
or  which  could  not  be  introduced  in  a  (liort  memoir.  The 
refemblance  of  my  fpecimens  of  devitrified  glafs  with  thofe  of 
certain  lavas ;  the  poHTibility  that  other  lavas  may  have  under.  * 

gone  a  more  complete  devitrification  by  a  much  (lower  cooling 
beneath  the  volcanic  currents  which  are  known  to  have  (lowed, 
or  to  have  remained  fluid  for  whole  years  beneath  congealed 
crufts ; — every  fadt  leads  roe  to  think,  that  thefe  phenomena 
may  afford  a  folution  of  many  geological  events,  concerning 
which  no  general  opinion  has  yet  been  adopted,  becaufe  there 
was  no  feafon  to  believe  that  ftones  may  have  formerly  pof- 
felFcd  the  vitreous  (late. 

Letter 


I 


LeUtr  /Tom  a  Correfpondnt,  relating  to  lie  ttpparenl  Rejle8iPH 
ilf  Cold  and  tlic  hixcntion  oj  ihc  Tdcjh'pe,  ai  noticed  by  Sir 
H.  C.  ENCLEriELD  m  liijl  AfonthU  Journal. 


Inii 


SIR. 


To  Mr.  NICHOLSON. 


I 


'J  juflice  to  Profeffor  Piflel,  I  trufl  you  will  have  the  good- 
neff  lo  infert  In  your  next  number  ihc  wurds  of  a  note  m  his 
EjUi  de  Fht/Jiqae,  p.  3 1 ,  where  he  defcribes  bU  experimenl  on 
the  apparent  redcftion  of  cold  : 
e<  "  La  Academiciau  del  Cimenio  avoicnt  rjpiye  dc  eonctntrer 
k  froid  au  foyer  d'ua  miroir  comare;  maU  iU  avoueat  eux- 
mStiKs,  que  icuT  eiperience  ovoit  ili  faite  d'ua  maniire  trap  in- 
tltiEte  pouT  qa'on  pit  en  Tien  conclvre  de  cerlain" 

Perhaps  ProrelTor  Piftet  fpeaki  too  lighllj'  of  the  experiment 
or  the  Academiciani;  but  To  far  was  that  ekperiment  from 
being  forgolier,  thai  (he  account  of  it  has  been  very  lately 
reprinted  in  the  {\iR.  volume  of  (he  Juutnuls  of  the  Royal 
InftilulJon,  p.  221;  a  work  to  which  your  cnrrelpondenl, 
who  ha^  revived  ilic  (ubjed  (page  I  of  your  lad  Number), 
has  himfelf  coniribuicd  fome  valuable  papers. 
I  With  refpefl  lo  the  invention  of  the  lelefcope,  give  mo 
"  leave  lo  obferve,  Ihat;>er/J»ii:j(/uinmeaus  (imply  the  light  of  ai] 
.  altronomical  inlhuineni,  having  a  fmall  perforation.  If  the 
comet  in  queHioii  was  furrounded  by  a  fmall  round  and  well- 
defined  nubulofily,  fuch  a  fighl  might  eafily  produce  the  eflefl 
attributed  to  i(.  A  leJefcopic  Gght  is  ufually  called  prrjpi- 
citlum  ritrcum.  Galileo  fays,  in  a  work  publifhed  in  1610, 
that  he  was  informed  of  the  invention  of  telefcopes  about  nine 
months  before.  Kepler  wrote,  in  1(51],  a  valuable  work  on 
the  theory  of  dioptrics,  in  which  the  conftruflion  of  lh«  aUro- 
noraical  telefcope  is  defcribed.  Had  he  been  the  original  in- 
ventor of  the  Galilean  telefcope,  he  would  i 
opportunity  of  fubAantialirg  his  claim  lo  To  i 
Covery. 

I  am.  Sir, 

Your  very  obedient  fervanl, 

ALETES. 


It  omitted  this 
niporlanl  a  dil- 


CRIltKIT   eiMSITT   or   WATIIK. 


Fafii  tendini;  to  decide  the  Sucfiion,  at  vhat  Point  nf  Temperature 
Water  Jiojjejp^  the  grealefi  Denfity.     la  a  Letter  froin  Mr. 
Dalton. 


rHND 
SIR, 


To  Mr.  NICHOLSON. 


,,  fi'j- 


According  lo  Ihe  doflrine  in  mod  of  our  booVs  Ireal-CtntrJ 
ing  oi  llie  elemenli  iil'  chemical  fcience,  it  is  confidered  as  a  j;nfe(l  i 
decidud  facl,  that  water  is  of  llie  grealefl  denlity  at  or  near  ^■ 
W  of  temperatiire  of  Fahrenheit's  fealc  ;  and  that,  above  or 
below  Ihut  lemperalure,  it  expands  alike  bjr  beat  or  cold  for 
a  certain  number  of  degrees,     I  have  laughl  a  different  doc- J^.'"' 
Irine  for  fome  limi;  pall ;  which  is,  that  water  is  dcnfeji  at  „»  \^  ^\ 
32",  or  Ihe  freezing  poinl,  and  that  it  expands  alike  above  "f 
and  below  Ihat  poinl  for  at  lead  2o°  (provided  it  does 
freeze],  and  Ihat  [he  quantity  of  expanlion  is  as  (he  fquare 
of  the  lemperalurc,  reckoned  from  yz",  up  or  down;  that 
ia,  if  (he  expanfion  from  32  to  42"  be  denoted  by  I,  (hat  front 
32  lo  52'  will  be  denoted  by  4,  and  that  from  32  to  62°  by  9, 
ifC,  or  nearly  To;  the  deviation  from  fliiA  accuracy  being, 
as  I  conceive,  occafioned  by  the  mercurjai  Ihetroomelernot 
being  an  exafl  meafure  of  temperatiire:  the  c<kpanIion  al  22" 
i;  Ijkcwife  I,  at  12°  it  is  4-,  and  at  2"  it  is  9.  ^c.j   Ihe  fame 
below  as  above  Ihe  freezing  poinl.      In  confequence  of  lhi«,  E>p"iinent« 
«  gentleman  of  prolelTional  eraineoce  bai  undertaken  lo  e«a-  ""^  ^Jm 
mine  Ihe  fubjeft  anew;  and  has  been  led,  by  an  Ingenioui tooclufion. 
train  of  experiments  totally  different  from  the  following,  to 
decide  in  lavour  ol  the  common  notion,  thai  water  is  denfcfl 
abijul  40*.     Thefe  experiments  of  his  will  foon  be  pablithed.  Th*  mtbori 
I  am  fiiil,  however,  decidedly  convinced,  lhat  my  opinion  J.-'^"^*^?!^ 
above  Hated  is  true,  and  that  principally  from  the  f&flj  I  am  tJ    '  " 
about  to  (late,  which  ihofe  who  adopt  ihe  common  opinion" 
muft  fee  ihe  abfolute  oecelfily  of  explaining  upon  their  prin- 
ciple,  or  ollierwife,    of  controverling  the  facts  themfeUe^. 
As  this  fcafon  of  the  year  is  moll  convenient  for  experiments 
of  ihii  nature,  I  am  Ihe  more  folicilous  lo  have  the  fafls  an- 
nounced, leaving  all  explanation  for  ihe  prefent.     They  »r« 
of  a  very  Gmple  nature,  and  may  be  invefligated  with  liitle 
trauble  and  expence. 

A  number 


^  OMATStr  VtmtTY  OF.  WATSft.^ 

JaMBSon  he  A  miinber  of  water  thermometers  are  to  be  procured,  the 
y^LnMLUu  oootainioff  veflTels  of  vrhich  are  of  different  materiab,  as  earth- 
MMtiMniiD-  OD  waroy  gfaTs,  and  varioos  metals.  Each  of  thefe  (hoold 
■rtwt,  cf  qrth»  ^tgin  one  or  two  oundM  (from  4-  to  800  grains),  more  or" 


^^*  lefs^'  of  water*    Common  brown  inkffands;  which  go  bjr  (he 


name  of  Nottingham  ware,  anfwer  very  w^U  for'  on^  fpecies, 
bot  thejr  require  to  be  well  painted  without,  as  thejr  are  not 
otherwife  water-tight.    I  have  a  few  of  Queen's  war6,  made 
^purpofely  ip  StaflTordfliire,  which  oonftitute  another  fpeci^s 
.of  earthen  ware ;  fome  of  them  are  ghaed  in  and  out ;  others 
t'        '''^    mighufced,  but  thefe  being  painted  without  are  made  water- 
tight, and  expand  the  fame  by  beat  as  glazed  ones :  Of  glaf«, 
common  thermometer  tubes,  with  larger  bulbs  than  ordinary, 
.  .^te  fufficient.    I  have  the  meUllic  veflels  made  in  tlie  ihape 
.    ^     of  cylindrical  tin  canni(lers,  conical  towards  the  top,  and  at 
**    .    '  the  fummit  a  fmall  cylindrical  tube,  fuch  as  to  take  a  tlier- 

mdmeter  tube.    Hie  glazed  earthen  ware   and  the  me- 
talKc,   require  moftly  to  be  painted  before  they  are  quite 
tight, 
fill  ihem  «ldi       The  veflels  being  thus  prepared,  they  are  to  be  filled  with 
htIM  wiCff.      water  previoufly  boiled  to  expel  the  air ;  a  thermometer  tube 
with  cement  is  then  fuddenly  plunged  into  llie  veflel  and  ce- 
mented fafl;  tlie  water  may  then  be  driven  out  of  the  iiihe 
bj  heat,  or  more  may  be  put  into  it  by  a  fmall  wire ;  it  is 
then  fit  for  ufe,  and  a  fcale  of  equal  parts  may  be  applied  to 
the  tube ;  or  it  may  be  divided,  and  marks  made  with  a  file 
.  or  paint. 
'  Some  of  the  refults  of  my  experiments  with  inflruments  of 
-    this  kind,  are  as  follow  : 

'  '  Water  Water  the  fame' 

loweft.  height. 

girfidwcntil      h  Brown  earthen  ware.  No.  1,  at  36*  -  at  52®  and  40'' 

yefultt aottd       2.  Brown  earthen  ware.  No.  2,-38  -  -   32  and  44 

]Jji^|*Joe     3,  Queen's  ware,        -        -        -    *K)  -  -   32  and  48 

ffacTtwD  iroa,  4^  Fltnt-giafs,      -         -        -         -4l|--32  and  51 

SSniir^cr  5.  Iron,  thin  plate,      -        -        -    42*  -  .    32  and  53 

itr,  and  one      6.  Tinned  iron,            ...    42^  -  -    32  and  bS 

IttdoithcnDo.  7.  Copper,          -        -        -        -    4ji  -  -    32  and  59 

^  8.  Btafs, 46  -  .    32  and  60 

9.  Pewter,          -        -        -        -    46  -  -    32  and  60 

10.  Lead,  -        -        -        -   49|    -      -   32  and  67 

Another 


MR.    UATCHETT's    EXfER^MBNTS    Q»  tLAC»  3|| 

Another  pkenoinenqn  in  thefe  inftruments  is  obfer^aMe ;  Phmomeiw  tt 
it  is  not  new,  but  it  deferves  a  marked  attention  in  the  prefenl  \  ^crmomSi^ 
enquiry  :  If  the  apparent  expaniion  of  water  for  the  firil  10^  fluid  when  the 
of  temperature,  reckoned  from  the  lowed  point  in  any  of  ^he '"^f^'*^* 
above  inf^ruments,  be  denoted  by  1  ;  then  if  the  indrumentf 
taken  at  any  temperature,  be  fuddenly  plunged  in  water  of 
10^  higher  temperature,  the  water  inAantly  finks  a  coniider* 
able  way,  occafioned  no  doubt  by' the  veflel  being  extended 
by  the  heat  before  the  water  it  contains  has  time  to  expand. 
The  quantity  of  depreffion  in  the  different  inflruments  was 
found  as  under : 

Brown  earthen  ware  finks  by  being  dipped  in  Table  af  this de» 

water  of  J  0°  higher  temperature,      -         .2  d'fe^t'rfi^ 

Quecn'&  ware,  -  -  -        ,3 

Flint-glafs,        -  -  -  -         .25 

Iron,    -  -  -  «  -         ,66 

Copper^  -  -  -  -         .9 

Brafs,  -  .  •  •       l.l  . 

Pewter,  -  -  -  -       1.0 

Lead,  -  -  -  -       1,5 

I  fabmit  thefe  fafls  to  the  confideration  of  thofe  who  feel 
interefled  in  the  enquicy  ;  and  deli  re  that  they  may  be  parti- 
cularly invefiigated  by  Ihofe  who  maintain  that  water  is  denf^ft 
at  40^. 

I  remain  your's, 

J.  DALTON. 

Manchtfier,  Jan,  10,   ISOK 


VII. 

Analytical  Expenmtnts  and  Ohfenations  on  Lac,    i[y  Charles 

H  A  T  c  H  K  T  T ,  £/^ .  r,  R,  S,    From  the  Philofophical  Tranjhc^ 

Hans  for  180t. 

(Concluded  from  p.  54.) 

Properties  of  the  colouring  Extract  qf  Lac, 

1.  W  HEN  dry,  it  is  of  a  deep  red  colour,  approaching  to  ColouHnf  ex< 
purplifli  crimfun.  tnaofUc. 

2.  Being  put  on  a  red-hot  iron,  it  emits  much  fmoke,  with  a 
fmell  fomewhat  refembling  burned  animal  matter,  and  leaves 
a  very  bulky  and  porous  coal. 

3.  Water, 


UK.    tItTcltETT*    KXrSKIMtKTI 


I 


nben  dig«ned  with  il  in  a  boiling  h«at,   panially 
lut  Ihe  refiduum  was  found  to  be  abrolutely  iit- 


3.  Waler. 

dilTulve 
Toluble 

*.  Ak'oliol  adt  bul  (lowly  on  il ;  and,  in  a  dialling  h 
dilTolves  krt  than  waler.     The  colourof  the  folutior 
fo  beauiiful ;  and  ■  coiifiderable  part  of  the  refiduum  left  k 
•tcoliol  was,  when  digefled  with  waler,  found  lo  be  Mai 
fcllhough  ihii  was  not  the  cale,  when  the  refiduom  left  by  w 
vra(  treated  witli  alcohol. 

5.  Il  is  infotuble  in  fulphuric  ellier,  excepting  a  very  fiM 
portion  of  rcfin,  which  appeared  to  be  accidentally  i 
with  it. 

8.  Sulphuric  acid  readily  dilTolves  it,  and  forms  a  c 
browniDi-ied  foluiion,  wliich,  being  dilated  with  water,  an| 
faturaled  with  poialli,  facia,  orarnmonn,  becomes  changed  Ifrfl 
a  deep  reddilh-jHirple. 

7.  Murialic  acid  diUblves  only  a  part ;  the  fclulion  is  of  ihe 
colour  of  porl'wine,  and,  by  the  alkalis,  is  changed  to  a  de«p 
leddilh-purple. 

e.  Nitric  acid  fpeedily  dilTolve*  it :  [he  folution  w  yellow, 
uid  railier  turbid  ;  but  the  rfd  colour  is  not  rellored  by  Ihe 
alkali),  for  lliefe  only  tieepert  the  yellow  colour.  TJiw  n 
folntion  did  not  afford  any  trace  of  oxalic  acid. 

9.  Acetic  acid  dilfolves  it  with  great  eafe,  and  fonnf  %  i 
browni(li-red  folulion. 

to.  Acelom  acid  dosK  not  dilfolve  il  quite  fo  readily, 
Ihe  (oKilion  is  of  a  brighter  red.     Both  of  the  abov 
lalurated    with  alkalii,    are    dianged  to    a    deep    < 
purple. 

I  i.  The  lixivia  of  polafli,   foJa, 
fully  on  this  fub<lance,  and  almoa   immediately  foroi  j 
folulioni,  of  a  beautiful  deep  purple  colour. 

12.  Pure  alutiiiua,    put   into   Ihe  aqueous  folulion, 
rot  immediately  produce  anyeffefl;  but,  upon  t 
of  a  few  drops  ot  muriatic  acid,  the  colouring  matter  fpi 
dily   cnnibinei  wilh  tbe  ftlutnioa,   and  a  beaulifui  I 
formed. 

13.  Muriate  of  Im  produces  a  fine  crimfonprecipilale,  W 
idded  to  the  aqueous  folution. 

I  i.  A  ft  mi  la  r  coloured  precipitate  is  aKo  formed,  by  (heat 
(ion  of  folution  of  ilinglafs. 


^ 


4ND    09SBRVArTI01fS    QK.  LAC^ 

Thefe  properties  of  the  colouring  fubflance  of  lac«  tTpc; 
cially  its  partial  folubility  in  water  and  ill. alcohol,  and  its 
infolubilify  in  ether,  together  with  the  precipitates  forfned 
by  alumina  and  muriate  of  tin,  indicate  that  this  fubilance 
is  vegetable  extract,  perhaps  (lightly  animalizpd  by  ihe  coc- 
cus. 

The  efi^6ts  which  it  produced  on  gelatin,  ^\(o  demonftratis 
the  prefence  of  tannin ;  but  this  very  probably  was  afforded 
by  the  fmall  portions  of  vegetable  bodies,  from  which  the 
(lick  lac  can  feldom  be  completely  feparated* 

Properties  qf  the  Refia  nf  Lac. 

This  fubdance  is  of  a  browni(b-yellow  colour;  and,  wben^eiiaoflac* 
pat  on  a  red-hot  iron,  it  emits  much  fmoke,  with  a  peculiar 
fweet  odour,  and  leaves  a  fpongy  coal. 

It  is  completely  foluble  in  alcohol,  ether^  acetic  acid,  nitric 
acid,  and  the  lixivia  of  potaQi  and  foda. 

Water  precipitates  it  from  alcohol,  ether,  acetic  acid,  and 
partially  from  nitric  acid ;  and  it  poIFeffes  the  otlier  general 
charaders  of  a  true  refin. 

Properties  qf  the  Gluten  qf  Lac. 

It  has  been  already  obferved,  that  when  fmall  pieces  of  (hell  Gluten  of  lac 
lac  have  been  repeatedly  digeded  in  cold  alcohol,  they  become 
white,  bulky,  and  eladic.  By  drying,  thefe  pieces  become 
brownilh  and  brittle ;  the  elafticity  is  alfo  dedroyed  by 
boiling  water,  exaflly  as  when  the  gluten  of  wheat  is  thifs 
treated. 

*If  the  pieces  of  (bell  lac,  after  the  digedion  in  alcohol, 
be  digeded  with  diluted  muriatic  acid,  or  with  acetic  acid, 
the  greater  part  of  the  gluten  is  dilTolved,  and  may  be 
precipitated,  in  a  white  (laky  dale,  by  alkalis;  but,  if  thelis 
Jad  be  added  to  excefs,  and  heat  be  applied,  then  the  glu- 
tinous fubdance  is  redidblved,  and  may  be  precipitated  by 
acids. 

If  the  pieces  of  (bell  lac,  after  digedion  in  alcohol,  be 
treated  with  alkaline  lixivia,  then  the  whole  is  diflblved,  and 
forms  a  turbid  folution.  But,  when  acids  are  employed, 
the  chief  part  of  the  gluten  is  alone  aded  upon,  and  a 
confiderable  redduum  is  left,  confiding  of  the  wax,  fome 
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of  the  refin,  and  a  portion  of  gluten,  which  has  been*  pro 
(efled  from  the  aflion  of  the  acid  by  the  two  foimer  fin 

The  above  properties  indicaie  a  great  refemblance  beiw 
(his  fubfiance  and  the  gluten  of  wheal ;    I  therefore  havi 
:n,  but,  al  a  fulate  time,  1  intend  to  fuLijcftl^ 
e  accurate  examination. 

Propertia  of  the  H'nr  of  Lac. 
If  (bell  lac  be  long,  and  repeatedly  digeded  in  boililj 
nitric  acid,  the  whole  i$  dinblicd,  cKeepling  the  wa 
tloata  un  the  furl'ace  of  the  liquor,  hke  oil,  and,  when  cold, 
may  be  colleflcd  ;  or  it  may  be  more  eafily  obtained  in  a 
pure  ftate,  by  digcfiing  the  reQduum  left  by  alcohol  in  boiling 

The  was  thus  obtained,  when  pure,  is  pale  yellowtfti  wbi 
and  (unlike  bees  wax}  is  devoid  of  tenacity,  and  Is  exti 
brittle. 

It  melts  at  a  much  lower  lempcralure  than  ihat  of  boiling 
,  burns  with  a  bright  tlame,  and  emiti  an  odour  rone- 
what  refcmbling  that  of  fpermaceli. 

Water  does  not  aCt  upon  it,  nellliet  docs  cold  alcohol ;  but 
this  lart,  when  boiled,  partially  dilToivcs  il,  and,  upon  cooling, 
depolits  the  greater  part ;  a  franll  portion,  however,  reraaiQi 
in  rblution,  and  may  be  precipilaled  by  water. 

Sulphuric  ether,  when  healed,  alfo  diflblves  it;  but, 
cooling,  nearly  Ihe  whule  is  depoiiled. 

Lixivium  of  poialh,  when  boiled  with  the  wax,  formi 
milky  rolution;  but  ihe  chief  part  of  the  nax  floats  on  ihe 
fui^ce,  in  the  (lale  of  while  locculi,  and  appears  lo  be  con- 
vened into  a  foap  of  difiicult  folubillly;  it  is  no  .longer  in- 
flammable,  and,  with  waler,  forms  a  turbid  foluiion,  from 
which,  as  well  as  from  the  foluiion  in  potafh,  Ihe  wax  may  be 
precipitated  by  acids. 

Ammonia,  when  healed,  alfo  dilTolves  a  fmall  portion  of  the 
wax,  and  forms  a  foluiion  very  firallai  lo  the  former. 

Nitric  and  murialic  acids  do  not  feem  lo  a£l  upon  Ihe  wax  ; 
the  eflefls  of  fulphuric  acid  have  not  been  examined. 

When  Ihe  properties  of  this  fubilance  are  compaied  with 
tliofeof  bees-wax,  adifierence  willbcpercelved;  and. 
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contrary,  the  mod  ftriking  analogy  is  evident,  between  the  wax  It  frwtlf  re- 
of  lac  and  the  myrtle  wax  which  is  obtained  from  the  Jidyrica  ^^^^     »yrt» 
cerifera. 

An  account  of  the  latter  fubdance  has  been  publifiied  by 
Dr.   Bodock,  'of  Liverpool,   in   Nicholfon's  Journaif    with,  ,- 
comparative   Experiments  and   Obfervations  on    bees-wax, 
fpermaceti,  adipocirc,  and  the  crydailine  matter  of  biliary 
calculi.  • 

The  properties  of  the  myrtle  wax,  as  defcribed  in  Dr. 
Bollock's  valuable  paper,  fo  perfectly  coincide  with  thofe 
which  I  have  obferved  in  the  wax  of  lac,  that  I  cannot  bat  coa- 
iider  them  as  almod  the  fame  fubdance ;  'indeed  I  think  the/ 
may  be  regarded  as  abfolutely  identical,  if  fome  allowance  be 
made  for  (he  (light  modifications  which  have  been  produced  by 
the  different  mode  of  their  formation. 

From  tlie  preceding  experiments  andanalyfes  we  find,  that.Compoaeatpflrti 
the  varieties  of  lac  conQfl  of  the  four  fubfiances  which  have 
been  defcribed,  namely,  extradtive  colouring  matter,  refin, 
gluten,  and  a  peculiar  kind  of  wax.  Refin  is  the  predominant 
fubftance ;  but  this,  as  well  as  the  other  ingredients,  is  liable, 
in  a  certain  degree,  to  variation  in  refped  to  quantity. 

According  to  the  analyfes  which  have  been  defcribed,  one    . 
hundred  parts  of  each  variety  of  lac  yielded  as  follows ; 

Stick  Lac. 

Refin  -  -  -  -  68. 

Colouring  extrafl    •  -  -  10. 

Wax  ....  6. 

Gluten        ....  5.50 

Extraneous  fubflances  -  »  ^.50 


9.60. 


Seed  Lac, 

Refin          -            -            -            -  88.50 

Colouring  extract    .            -            •  2.5Q 

Wax           ....  4.50 

Gluten       ...           -  2. 


97.50. 


'*  NichoUbn*s  Journal  for  March,  1803,  p.  139. 
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ShfULac. 

Hefin  ....  90.90 

Colouring  exUaa    ...  0.50 

Ww  .  .  .  ♦, 

Ololcn        -  -  -  -  8.80 

98.20. 

Tlic  proporlioit!  of  Hie  fubnances  which  compore  the  varie- 
lien  of  \a6,  muA  however  be  liibjeS  lo  very  conUderable  va.- 
nattomt  and  we  ought  therefore  only  lo  confider  ihefc  ana- 
lyfei  In  a  g^nernl  poinL  of  view.  Hence  we  QiouM  (late, 
that  lac  contifli!  principally  of  reftn,  mixed  with  certain  pro- 
poriioni  of  a  peculiar  kind  of  wax,  of  gluten,  and  of  colour- 
ing exIraS. 

The  relative  quantity  of  the  two  latter  ingredients,  verycon- 
fiderably  effefl  the  charaders  of  the  lacs;  for  inflance,  we  may 
obferve,  that  the  glutinous  fubftance,  when  prefeni  in  fliell 
lac  in  a  mure  than  ufual  proportion,  probably  producei  the 
de(e&  obferved  in  fome  kinds  of  fealing  wax,  which,  when 
bealed  and  burned,  become  blackened  by  particles  of  ccmJ  ; 
Ibr  the  gluten  afTurds  much  of  (his  fubftanc«,  and  dots  not 
melt,  like  the  reCn  and  wax.  From  what  han  been  ()»ied, 
therefore,  lac  may  be  denominated  a  cero-refin,  mixed  will) 
gluten  and  colouring  exlra^.  ^^ 


tie  hH  the  chf     Frora  the  whole  of  the  experiment;  which  liave  been  re- 

ndcrt  of  Tcge.  Igtcd,  it  appears  that  although  lec  is  indifputably  the  pro- 
dufiion  of  infeas,  yet  it  polTeffei  few  of  the  charafters  of 
animal  fubltances:  and  that  the  greater  part  of  its  aggre- 
gate properties,  as  well  ai  of  its  component  ingredients, 
are  futh  as  more  immediately  apperlain  lu  vegetable  bodies. 

Itliwiynreful;  Lac,  or  gum  lac,  as  it  (5  popularly  but  imprDperly  called, 
is  certainly  a  very  ufeful  fubftance;  and  the  natives  of  India 
furnifh  full  proofs  of  iLiti,  by  (be  many  purpofe*  lo  which 
they  apply  it. 

forhapi  btaiti}  According  to  Mr,  Kerr,  it  is  made  by  them  into  ringi, 
beads,  and  oibBrfemnle  ornaments. 

.fc-l  ,^  .ii..:    ,J-.,r-r  ..  When 
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[,  i(  h  employed  as  a  ja|>an,  feiling  «u, 
ulo   dilfefenl  coloured   vat-*'"'^'' 


When  formed  into  fealirg  wa 
tnd  ii  likewife  nianitlii3uiecl 
nifties. 

The  colouring  part  is  formed  iolo  liikes  for  painten:  a  (otlUkti,  iy'wgi 
of  Spanilh  wnul  for  Lhe  ladies  is  alfo  prepared  wIlli  il : 
an  a  djing  malerial)  it  \i  in  very  general  ule. 

The  relinous  part  is  even  employed  lo  form  gcindflooBt,  by  innlHonci,  i 
melting  iff  and  mixing  with  il  about  lliree  parts  of  (iind.     Fttif" 
making  poliOiing  gnndOonet,  the  fand  is  Ot'leri  ihrough  fine 
mulliiij  but  iliofo  which  are  employed  by  the  lapidarit^,  ore 
formed  with  powder  of  corundum,  called  by  ihem  Corttnir.  * 

But,  in  addition  to  all  ihe  above  ufe*  lo  which  il  isappIiGLltbcMlndSiaki  j 
!n  India,  as  well  a;  to  thofe  which  caufe  il  to  be  in  rcqucll  in 
Europe,  Mr.  Wilkin's  Hindu  ink  occupies  a  conrpicuou^  place, 
not  merely  on  account  oi  il»  ufe  as  an  ink,  but  becaufe  il  teadien 
ui  (o  prepare  an  acjucoui  folution  ol  lac,  wliidi  fibMy  wilj 
be  found  of  very  (.-xlcnfive  ulilily, 

Thii  folution  of  Uc  in  waler  nay  be  adirantagpoudy  em.  Mter  Mtai&i  ■ 
ployed  as  a  furl  of  varnifh,   which  h  equal  in  dutabilily,  and 
Other  qualities,   to  ihofe  prepared  with  alcohol ;   whi!ll,  by  lh« 
faving  of  this  lifjuirl,  it  is  infinitely  cheapL-r. 

I  do  not  mean  howetrer  to  afTert  that  it  will  anfwer  equally 
well  in  all  cafen,  but  only  that  it  may  be  employed  in  many. 
It  will  be  founJ  likewifu  of  great  uft:  as  a  vehicle  for  colouri ; 
for,  when  dry,  it  is  nut  eaQly  j^cted  by  damp,  or  even  by 
wiler. 

With  a  folotiou  of  this  kind.  I  have  mixed  various  colours.  The  Muer  »eij-  • 
fuch  as  Vermillion,  fine  lake,  indigo,  Pfuffian  blue,  f"?  g'ei-n,  J^^-^^ 
and  gamboge;  and  it  ii  remarkable,  that  although  the  twolaJl 
arc  of  a  gummy  nature,  and  the  olheis  had  been  previuudy 
mixed  with  f^um,  (being  cakes  of  the  patent  waier-coiours,} 
yet,  when  dried  upon  paper,  Ihey  could  not  be  removed  with 
a  raoiflcned  fponge,  until  the  furface  of  the  paper  itfelf  was 
rubbed  o(F. 

In  many  arts  nnd  manufaflure!:,  ibercfore,  theWulronsof 
lac  may  be  found  of  much  utility ;  for,  like  mucilage,  they 
may  be  diluted  with  water,  and  yet,  when  dry,  arc  little  if  o^ 
all  affefled  by  il.f 

We 

*  Phll.Trinf.  IIBI,  p.  380. 

■(■  The  alkaline  folutions  of  lie  are  evIJcnTly  of  i  fapouacMu* 
nature,  and,  like  other  fosps,  may  be  dec(im|iorcd  by  acids.    The 
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Refioi  iQti  on  We  fintl,  from  the  experirflenls  on  lac,  Ihal  Lliii  fubflance  is 
J^d.  .Bi  .1-  r„Jub!e"in  Uie  alUlU,  and  in  fome  of  the  acid,.  But  ihis  fad 
(conGdeiing  lliat  refin  is  Ihe  principal  ingredient  of  lac) 
oppofilion  to  the  generally  receiveil  opinion  of  ch^mift",  nam) 
Ihat  aciili  and  alkalis  do  not  afi  upon  (clinoun  bodieii, 
experimenU,  however,  which  1  have  made  on  vorioui 
gum-reJini,  and  balfam^i,  fullj  eflablith,  that  ihefe  fubl^nces 
arc  powerfully  afied  upon  by  ihe  alkalis  and  by  fome  ol  the 
acids  fw  as  'o  be  completely  dilTolved,  and  rendered  fuluble  in 

Field  of  loiuiiy.  It  will  be  a  very  wide  and  curious  field  of  inquiry,  cn 
difcover  what  changes  are  thus  produced  in  ihefe  bodies, 
efpeciaily  by  nitric  acid.  Each  fubilance  mufl  fnrm  the  fob- 
je3  of  a  feparale  iiivefligalion  ;  and  lliere  tannot  be  a  doubt 
but  that  much  will  be  learned  rcfpefling  their  nature  and 
properties,  which  hitherto  have  been  To  litlle  examined  by 
chemift*. 
UillitTof  Kfin-  The  alkaline  foluiions  of  refin  may  be  found  ufeful  in  fame 
oui  loiuuiwi.  ^f  (j|g  gj.j5 .  (-Qf  many  colours,  efpeciaily  Ihofe  which  are 
metallic,  when  diflblved  in  acids,  may  be  precrpiiaied,  com- 
bined with  teJin,  by  adding  the  former  to  ihe  alkaline  folu- 
tionsof  the  latter.  I  have  made  fome  experiments  of  this 
kind  wilh  fuccefs;  and  perhaps  Ihefe  procefTes  might  prov« 
ufeful  to  dyers  and  manufafturers  of  colours.  It  is  probable 
slfo,  that  medicine  may  derive  advantages  from  fome  of  ll 
e\ienlive  feries  of  alkaline  and  acid  Rtluliuns  of  the 
fubftances. 
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entire  fubftance  of  lac  is  not  however  completely  dilToIvcd, 
pear*  from  the  lurbidnefs  of  the  liquors.  Three  of  the  four 
gicdieiMK,  namely,  the  relin,  the  gtuien,  and  ihe  coli 
app««r  10  be  in  perfcfl  folulion;  wbilft  the  wax  is  only  partially 
combined  with  the  nikali,  and  forms  that  imperfeflly  folublc  fipo- 
naceoui  compound  whi<h  his  been  fonntr!)'  mentioned,  and  which 
remains  Aifpcndiil,  and  diflurbs  the  iranfparency  of  the  fjlution. 

From  vaiious  circumltanccs,  it  does  not  Teem  improbible,  ili;it 
the  long  fought  for,  but  hitherto  undircovercd  vehicle  employed  hy 
ihe  celebrated  painters  of  the  Venetian  School,  may  have  been  Ibmt 
kind  of  refinoui  folucioii,  prepared  by  means  of  borax,  or  by 
alkilii. 


] 
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VIII. 

J  fimple  and  accurate  Method  of  Surtejfing  on  Shore,  with  Jkch 
Injiruments  only  as  are  in  every  6ne*s  Pojfejfion.  By  Captain 
J.  MoRTLOCK.     From  the  Author. 

To  Mr.  NICHOLSON. 

28,  Surry  Place,  Kent  Road, 
SIR,  1th  January,   1805, 

/jlLMOST  all  our  trealifes  on  nautical  furveying begin  with^**^"^"^^ 
the  explanation  and  defcription  of  what  are  called  the  nccelfary 
inHruraents,  which  are  defcribed  fo  numerous,  and  the  price 
fo  confiderable,  that  very  few  can  procure  them  :  Thus  dif* 
couragedj  they  abandon  every  idea  of  making  plans  of  fuch 
ports  a^  they  touch  at,  for  want  of  what  they  conceive  to  be 
the  neceflary  inftruroents. 

To  obviate  this  difficulty,  and  to  render  nautical  furveying 
more  general,  I  have,  in  the  annexed  paper,  attempted  to  . 
(hew  the  mariner  how  to  furvey  any  port  or  place  he  may 
touch  at,  with  great  accuracy,  little  trouble,  and  without  any 
expcnce  for  indruments.  Should  you  find  this  Hmple  metho4 
deferving  of  a  place  in  your  valuable  Journal,  I  (liall  feel  my* 
fclf  honoured  by  your  infcrting  it. 
I  am.  Sir, 

Your  mod  obedient  humble  fervant, 

J.  MORTLOCK. 

FIRST  make  an  eye-(ketcb.of  the  place  to  be  farveyed,  as  Naudcal furrey- 
the  annexed  figure,    numbering  all  the  points,  bays,  rocks,  ^!*8  ^***^^  *"• 
(hoals,  &c.   Choofe  two  flations,  as  A  and  B  (Pig.  1 ,  Plate  V),,  '""*** 
whence  all  the  rocks,  points,  &c.  may  be  feen  from,  and  fo 
fituated  from  each  other,  that  the  bearings  of  the  points,  &c. 
as  taken  from  A  and  B,  (ball  interfedl  at  angles  at  lead  greater 
than  10  degrees,  but  the  nearer  90  degrees  the  better. 

Having  chofen  the  Nations,  proceed  to  one  of  them  as  A» 
and  place  the  paper  intended  to  receive  the  plan  horizontally 
before  you,  extended  by  pins,  or  otherwife,  on  a  board  fe- 
curely  fixed,  to  prevent  it  Ihifting  its  pofition  while  the  bear«> 
ings  are  drawing,  i 

Slick 
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r-      Stick  a  pia  through  the  paper  firm  into  the  board,  at  the 
'  part  meant  to  reprefenl  the  flatioii  A,  and  lay  a  ruler  with  a 
perfefi  flraight  edge  on  the  paper,  touching  the  pin  at  A  and 
pointing   lowardt   the   Oalion   B,  ajld  tiraw  the   line  AB:  in 
like  manner  draw  lines  from  A  towards  all  ihe  polnH,  rock*. 
bay(,  &c.  numbering  the  linet  as  the  points  rocks,  bayf,  &c. 
are  numbered  in  the  eye-fkelch  :  Proceed  ne\i   to  the  Ralion 
B,  and  place  l!ie  board  horizontally  bcl'ore  3011,  To  that  the 
line  A  B  fliall  point  back  towards  A,  and  ftcure  the  boafd  i 
wilh  llie  fame  prcraulion  as  al  A,  to  pievcnt  its  Iliifiinf! :  thcN^a 
in  ihc  line  A  6,   Dick  a   pin   fiim   through  the  paper  into  ti 
board,   in   that    pan  meant   to   reprtfint  the  flatioii   B 
which  point  draw  lines  pointing  lowatds  the  diffl-renl  | 
rocks,  &c.  as  was  done  from  A,    numbering  them  i 
manner.     Now,  where  the  lines  drawn  trom  B  inlerrefl  thtd 
of  the  fame  number  drawn  from  A,  will  be  the  plac 
pointi,  rocks.  Sec.   to  which  the  lines  were  direfied  lo   froi 
the  flations.     Sketch  in  the  fliore  belMcen  Ihe  porntu,  SttA 
and  the  plan  is  completed. 

The  mcridian-linc  may  be  Tound  by  compaft,  or  more 
reflly,  by  drawing  the  line  of  the  fun's  bearing  from  one  8 
the  nali<ins,  and  taking  his  altitude  at  the  fame  lime.  Then  ' 
tlidi  the  latitude,  aliiludc,  and  declination,  compute  the  azi- 
Aulli,  and  lay  it  off  to  the  left  or  right  of  the  line  of  the  lan't 
bearing,  according  as  Ihe  fun  was  to  the  right  or  lefl  of  the 
meridian,  and  it  will  give  the  true  north  and  fouth,  or  mert- 
dian-Iine. 

If  the  diflance  between  any  two  points  on  the  Ihorc  be 
mealured,  it  will  give  jou  a  fcale  for  the  plan;  but  it  may  often 
be  found  more  convenient  to  meafure  off  a  bafe,  ai  A  C, 
from  one  of  the  (laiions,  in  a  direflinn  nearly  perpendicular  to 
ihe  line  A  B  ;  and  let  it  be  in  length  equal  to  fome  part  o 
geographical  mile,  as  S80  feet  ■=  ^^,  or  TCO  = 
=  {,  or  3040  =  \,  or  any  pari  of  a  mile ;  then  will  the  Ij 
A  C  be  a  fcale  to  the  plan. 

I  have  fuppofed  any  common  board  and  ruler  to  i 
the  fimplicity  of  this  method  of  furveying:  but  lo  fuch  a 
provided  wilh  a  drawing  frame,  it  will  be  found  convenicl 
fo  extend  the  paper  on;  and  if  a  ruler  has  (ighl;  perpt^ndicaM 
to  its  edge,  it  will  be  found  commodious,  and  require  M 
trouble.    1  hope  the  cafe  and  expedition  wilh  which  the  wht" 


Is  performed,  will  induce  fea-faring  people  to  amufe  them* 
felves  by  taking  plans  of  the  places  they  touch  at :  for  it  is  by 
the  improvement  of  geography  that  the  dangers  of  navigation 
are  diminilhed,  and,  confequently,  the  lives  and  property 
embarked  in  our  (hipping  are  lefs  expofcd  to  danger. 

J.  MORTLOCK. 


IX. 

Notice  of  an  Omiffion  in  Accum's  Cheniifiry,  of  the  direSt  Pro* 
dudtion  of  Nitric  Acid.     By  W,T.  S, 

To  iMr.  NICHOLSON. 
S I  Ry  Lincoln's  Inn,  January  7|  1 805. 

JlIA VING  in  your  Philofophical  Journal  fpoken  very  hand- Kltre and dttle 

fomely,  and  not  undefervingly  fo,  of  Mr.  Accum's  Trealife  'cid  in  Accom** 

on  Cbemiilry,  it  would  not  perhaps  be  improper  in  one  of  * 

your  enfuing  Numbers,  either  to  elucidate  or  correA  a  fmall 

difficulty,  or  rather  error,  in  that  book.     In  defcribing  the 

mode  of  producing  nitric  acid,  in  the  fecond  volume  of  Mr. 

A.*i  work,  p.  286,  he  puts  as  a  principal  ingredient  nitrate 

qfpotnjh :  Now,  on  referring  to  the  mode  of  dbtaining  nitraie 

of  poiq/h  in  page  287,  and  following  page,  it  is  defcribed  at 

being  produced  by  neutralizing  the  carbonate  of  potafh  with 

nitric  acid  :  Now,  Sir,  it  is  pretty  evident,  that  the  means  of 

preparing  either  nitric  acid  or  nitrate  of  potafli  is  not  given, 

or  rather  it  is  dated  by  implication,  as  incapable  qf  being  pro- 

duced  by  art. 

Very  refpedfally  your's, 

W.  F.  C, 

P.  S.  As  this  error  can  only  be  redified  by  a  fubfequent 
edition,  it  would,  with  fabmrflion,  be  extremely  beneficial  to 
the  holders  of  Che  prefent  edition,  that  you  fbould  introduce  i 

the  eteendatioD  in  your  Journal . 


On 


Mr.  WilkiDlba 


Beaurki  in  de- 
tail oo  Mr.  W.' 

hjpochclii. 


L 


On  Gatram/m.     By  Mt.  Charles  Stlvesti 

To  Mr.  NICHOLSON. 
SIR. 

1  OU  did  me  the  honour  of  inferting  in  jrour  v»lii«li| 
Journal,  fume  expcriirients  lending  lo  illultrate  (he  theory  orfl 
galvanifin.  I  do  nol  know  who  oiiginally  propofed  ibe  idea 
of  the  combination  of  cledriciiy  with  hydrogen  (ihe  truth  of 
which  my  experiments  were  intended  10  clUblilh),  though  I 
am  now  bound  to  acknowledge  the  ingenuity  and  impoitance 
of  the  thought.  Such' an  idea  would  perhaps  never  have  been 
fuggefled,  had  it  not  been  fur  the  very  paradoxical  appear- 
ances attending  Ihe  decompofiiion  of  water  by  galvanifin. 
The  appearance  of  the  h}:drogcn  at  fo  great  a  diltancc  from 
the  oxigen,  both  of  which  mull  have  been  produced  from  tjje 
fame  particle  of  water,  was  very  fatiifadorily  accounted  for 
by  this  conjecture.  The  continental  philofophers,  and  Dr, 
Gibbcs  of  Bath,  did  nut  fo  well  account  for  the  phenomena 
by  their  hypoihelis,  though  it  appeared  fo  formidable,  as  to 
threaten  the  theory  of  modern  chemillry  with  dilTolution. 

Anotlier  Ifypolhcliii  of  the  decompofiiion  of  water,  wai 
given  by  Mr.  Wilkinfon,  in  his  Elements  of  Galvanifm,  and 
in  your  3GLh  Number.  If  we  even  allow  Mr.  W.  the  advan- 
tage of  all  his  very  griUuitou!  data  in  accounting  for  the  de- 
compofiiion of  waler,  ihe  con(tadi6lion  with  which  they 
abouiKl,  will  totally  render  his  hjpolhefis  invalid. 

Mr,  W.  begins  by  fuppofing  a  particle  of  water  analogoui 
'  to  the  Leyden  phial,  which  is  the  fame  thing  a^  lo  fuppofe  that 
water,  a  conilufior  of  eleArieity,  is  compofed  of  particles  in 
thcmfelves  no n. conductors.  Mr.  W.  ii  of  opinion,  that  the 
decompofiiion  takes  place  in  ihe  middle  of  the  liquid  between 
■he  points  ot  ihe  wires.  The  way  in  which  he  fuppofes  the 
fvparaiion  to  be  cdV-cled,  is  fomuihing  like  the  idea  the  an- 
cients had  of  ihc  fuluttons  of  roelals  in  acids,  vtt.  that  tha 
metal  was  fplit  into  very  minute  particles  (capable  of  being 
fufpended  in  the  liquid)  by  ihe  wedge-like  particles  of  ihe 
arid.  After  ihe  decompofitioo  is  eflefled,  he  tells  ui  Ihal 
the  capacity  of  ihe  hydrogen  is  diminiOied  for  ele&icitv. 


while  ihe  capacily  of  onigen  is  incrcafed  Tor  the  fame  fub- 
flance;  two  la£!s  for  which  I  Ihoulil  be  glad  loknow  Mr.  W.'» 
authority.  He  now  fuppoCei  ihe  oxigeii  (o  be  allraded  by  the 
pofilive  wire,  where  it  faliirales  itli:!!'  wilEi  the  eteCliicily 
necelTary  to  coiiftiiute  its  gafeous  form.  The  hjdrogen,  on 
ihi:  oiher  hand,  is  atlraAed  to  the  negative  wire,  to  which  it 
mun  give  its  excefs  before  its  elaflic  fotm  can  be  efl^fled. 

rt  fter  a!l  the  labour  Mr.  W.  has  beflowed  lo  bring  the  hydro 
gen  to  one  wire,  and  the  oxigeii  lo  the  other,  he  does  not 
appear,  in  my  opinion,  lo  have  fuccec^ded  ;  for  the  cxeefs  of 
eleflricily  in  the  hydrogen  would  be  given  lo  Ihe  delicient 
OHigen,  and  the  galTes  wtjuld  be  given  out  in  the  middle  of 
the  liquid,  and  not  at  ihc  ends  of  the  wires. 

^fr.  W.  menlions  the  curious  fafl  of  water  not  being  de-w.tern««_ 
compofed  in  a  very  fmall  tube,  and  alfo,  thai  no  decompo."'"PJ^'»*' 
filion  laites  place  when  the  wire*  in  the  liquid  are  as  much 
a«  eight  inchet  diflant  from  each  other.     1  have  long  been  in 
p'llfeirio^  of  ihefefafls:   I  have  varied  Ihefe  espcrimenU  by  Siliu.  foturioni 
ufmg,  infteadof  pure  water,  different  ffluliuns  of  falls,  «iih"^  dKoaipofeiJ. 
a  view  lo  increafe  the  conduflinj;  power  of  the  liquid  roe- 
diiim  :   I  found   a   folulioii   of  carbonate  of  potafli  lo  anfwet  CubomcE  ef 
very  iveli :  I  placed  the  wires  in  ihe  ends  of  a  lube  of  more  P° 
llian  a  yard  in  length  :  The  decompoCiiion  went  on  very  ra- 
pidly ;  I  foon  obferved  the  politive  wire  coaled  with  beau- 
ht'ul  carbonate  of  copper,  at  the  fame  lime  1  obferved  a  ga- 
Tl-uus  fubfldncG  d  i  fen  gaged :  1  found  it,  by  the  telt  of  lime- 
water,  lo   be  carbonic  acid  gas.     1   oblervcd   llie  difengagc-PuR  p^ii^fl 
nient  of  this  ga^  after  I  had  teadcred  the  potafli  rcry  cauflic 
by  lime. 

I  afterwards  ufed  a  tube  of  ^ih   of  an   inch  in  diameter,  Common  a 
and  five  feet  long,  inio  which  I  introduced  a  faturaled  folu- 
tion  of  common  fall.     After  the  wires  were  introduced,  and 
the  communication  made,  I  obferved  bubbles  of  hydrogen 
upon  Ihe  negative  wire,  in  about  a  minute  after  •. 

BT  I  remain.  Sir, 

Wt  Yout's,  Sic. 

r  CHARLES  S^-LVESTER. 

Sheffield,  Jan.  20,  1S05. 

•  This  eorrohotaici  the  faft   of  the  hydrogen  palling  iiivilibly 


rough  the  liquid. 


litply 
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kipfy  to  tie  AfUmadverfim  and  Experimewi$  tffC.  L.  oulk  AA* 
^r^^  Ae  Horizontal  Moon.    B^  Mr.  Eskkibl  Walessl. 

To  Mr,  NICHOLSON. 
Dbai,  Sift, 

VV  HAT  can  have  induced  your  comfprnident  C.  L.  to 
.  AUempt  to  confute  my  paper  rdatiog  to  llie  iiorisoQUl  umob, 
with  lb  iDttch  invidioufners,  it  beA  known  to  bimfelf.  For  mj 
own  part»  I  belie?e  that  he  is  perfonalty  unknown  to  mc^  and 
that  I  am  equally  fo  to  him. 

WMm  d»  '^^  ^'^  ^^P  '^^  ^^  faftidiouf  writer  lakes  to  difprove  the 

trfjfePTt  ht  fKO-  truth  of  my  pofition  it  a  faire  one.  He  (ays,  tliat  <*  if  Mr« 
■otoftlir.W.**  ^^^^*  poiition  were  true,  the  magnifying  power  of  the 
thmy*  &nie  telefcope  would  vary  with  its  aperture/'  * 

C.  L.  has  been  very  unfortunate  in  mentioning  the  telefc»pe, 

lor  the  propcnrties  of  that  inftrument  will  confute  every  argu- 

mept  which  he  has  ufed  againft  my  theory,  and  (how  that  hii 

ill  coaduded 'experiments,  like  an  ignufatuus,  tended  only  to 

miflead  him. 

Tkt  want  of  a        I  Ihall  drop  this  fubjed  for  the  prefent,  to  examine  his  next 

aandard. would    aflertioR  in  the  fame  paragraph.     The  apparent  magnitude  of 

Sen  whether  a    ^he  paper  before  the  eye  may  become  larger,  when  the  candle 

k(s  Rght  gives  a  jg  flnded  with  tl)e  hand,  for  any  thing  thai  C.  L.  knows  to 

tfttiDobkdf.   ^^^  contrary,  as  the  increafe  is  too  fmall  to  be  perceived  by 

our  fenfes;  and  even  if  it  were  ten  times  larger  than  it  is,  it 

could  not  be  known,  becaufe  every  other  object  before  the  eye 

would  increafe  in  apparent  magnitude  at  the  fame  time,  and 

in  the  fame  ratio;  and  confequcntly  leave  no  ilandard  to  com* 

pare  the  paper  with.     To  elucidate  this  in  a  tamiiiar  way, 

permit  me.  Sir,  to  aik  how  would  C.  L.  determine  the  number 

of  miles  between  Trollon  in  Suffolk,  and  Soho-Square  in  Lon* 

don,  without  fome  ilandard  meafure,  with  which  to  compare 

that  diftance. 

S  'Ad     on  Then  follow  bis  •'  correal  experiments  of  the  fame  defcrip- 

C.  L.'s  ciperi-    tlon  as  mine.** — My  experiments  were  made  to  imitate  the  eye, 

^^^^*  upon  a  large  fcale.     Let  us  fee  how  C.  L.  has  imitated  nature 

in  his  experiments. 

•  Philof.  Journal,  Vol.  IX.  p.  235. 

In 
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In  his  firft  experiment,  '<  from  ihe  flame  to  the  lens  the  dif-  Ef^  i.  The 
tance  was  49|  inches,  and  from  the  lens  to  the  image  it  was  ^^  thflffif  < 
SS  inches."  Thefu  numbers  being  reduced  to  the  fcale  of  the 
human  eye,  it  will  appear  that  the  diftance  between  the  cry- 
(lalline  lens  and  the  retina,  is  nearly  twice  as  great  as  be« 
tween  the  cryfialline  lens  and  the  objedt ;  confequently,  if  we 
take  the  diilance  between  the  crydalline  and  the  outward  far- 
face  of  the  cornea  into  the  calculation,  the  objedl  mud  nearly 
touch  the  eye.  This,  I  think,  may  be  called  a  Jhort-fighted 
experiment. 

The  cunclufion  of  C.  L/s  paper  contains  a  number  of  par- 
ticulars, in  which  hefuppojes  I  have  erred,  and  then  modeftlj 
*'  fubroits  it  to  yourfclf  and  readers,  whether  I  have  aded  coo- 
(iQenlly  with  the  rules  of  philofophical  invedigation,"  &c. 

fiut  as  it  will  appear  hereafter,  that  none  of  thofe  errors  bad  •  • 

any  exillence,  except  in  C.  L.'s  own  mind,  his  concluiion  tan 
ferve  no  other  purpofe  than  to  fliew  the  temper  and  difpofition 
of  the  writer. 


In  my  paper  which  was  honoured  with  a  place  in  the  9ih  Amore^ 
voL  of  this  Journal,  page  hU,  I  only  gave  an  abftrad  o^  »  5e^o^,*/j^ 
feries  of  experiments,  on  which  I  founded  my  general  coo- 
clufion ;  but  it  now  appears  neceflary  to  give  a  more  particular 
account  of  them,  to  (hew  that  they  are  entitled  to  more  credit 
than  C.  L.  has  thought  fit  to  give  them. 

After  having  prepared  my  apparatus  as  defbribed  in  my 
paper  above-mentioned,  with  a  long  mould  candle  of  fix  to 
the  pound,  placed  in  an  inclined  pofilion,  I  began  with  mea- 
furing  the  focal  image  of  the  whole  lens. 

The  length  of  this  luminous  piflure  upon  the  fcreen,  was 
determined  by  a  pair  of  compalTes,  and  a  diagonal  fcale  of 
inches.  This  meafure  was  entered  on  page  1  of  a  book,  pre- 
pared for  that  purpofe. 

The  card  No.  1.  was  then  placed  before  the  lens;  the 
luminous  pi6)ure  meafured  in  the  fame  manner  as  before,  was 
entered  on  page  2  of  the  fame  book. 

The  meafure  of  the  pidure  given  by  the  aperture.  No.  2. 
was  entered  on  the  3d  page.  And  the  meafure  of  that  given 
by  No.  3.  was  noted  down  on  the  4th  page. 

As  foon  as  thefe  four  experiments  were  finithed,  I  began 
again  with  the  whole  lens,  and  entered  a  fecond  meafure  on 
page  1.  onder  the  firft,  and  continued  till  I  had  obtained  two 

meafures 


I         Prinrfi 


the  (Ullur'i 

The  jxncili  of 
light  [hat  eaur 

foitllcr,  the 
finaller  the  •[>" 

iiaieaii 
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meafaref  on  each  page  :  and  in  this  manner,  I  conlinued  tB/i_ 
experimenU  until  I  had  obtained  five  or  fix  tnearure^  to  each 
aperture.  This  mode  gave  me  an  opportunity  of  feeing  how 
much  liie  flame  of  the  candle  altered  in  its  length,  during  the 
lime  ihai  I  wat  making  Ihe  cxperimenis,  which  alteralion  wai 
loo  fmall  lo  be  regarded.  The  mearures  on  each  page  being 
added  up,  and  divided  hy  ihc  number  oF  them,  gavemetiiore 
numbers  which  were  inFerled  in  my  paper. 

But  !  did  no."  flop  here,  for  ftU  of  experiments  were  re- 
pealed in  the  fame  manner,  nn  feveral  evenings,  lo  afcertain 
the  fa&  more  clearly.  But  to  cnmc  more  immediately  to  the 
point ;  when  the  fun  or  moon  was  ufed  inllead  of  a  candle, 
thefame  refalt  was  obtained,  vjz.  the  grealefl  aperture  gave 
the  grealell  luminous  pi£lure. 

The  truth  of  ihii  property  in  oplio,  however,  does  not 
wholly  reft  on  my  enperiments,  the  fame  concluCon  may  be 
derived  from  other  principles. 

li  is  a  well  known  properly  of  the  lelffcope,  thai  "  as  the 
aperture  is  cortrafled,  the  (lender  pencils  or  cylinders  of  rays 
that  emerge  from  ilic  eje-glafs  into  theeje,  arealfoconlraSed 
,  in  Ihe  fame  prnportion,"  * 

The  magnifying  power,  of  the  objefl  glafs  irf"  a  lelefcope 
is  not  increafcd  by  itirrealing  its  aperture  ;  bul  by  increaling 
ils  aperture,  jou  inL-rcofe  llie  magnitude  of  the  peii<  i!  of  light 
in  ils  focus:  for  as  the  eye-glaft  remains  ihe  fame,  the  increafe 
in  magnitude  of  the  emerging  pencil  nl  rays,  murt'  depend 
upon  an  increafe  in  magnitude  of  ilic  pencil  in  the  focus  of  Ihc 
objecl  glafs.  Confe«iuenliy,  when  the  nionn  is  viewed,  if  Ihe 
'=  aperture  of  the  objefl  glaf*  be  increafed,  the  pifture  of  Ihe 
moim  within  the  lelefcope,  will  be  increafed  in  ihc  lame  ratio; 
.  but  withiiut  increafing  the  magnifying  power  ot   the  inflru- 

For  the  magnifying  power  is  =  the  diameter  nf  ihe  aperture 
of  the  objefl  glafs  divided  by  the  diameter  of  the  emerging 
pendl. 

Demotifirutioii. 

Let  A  =  the  dUnieler  of  the  aperture  of  Ihe  objeS  gUft,, 

B  =  Ihe  diameter  of  the  emerging  pencil,  C  =  the  focal  dif* 


•  Elrmentary  Parts  of  Smith") 
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tance  of  the  objeft  ghfs,  and  D  the  focal  diftance  of  the  eye- 

Q 

glafs.^  Then—  ==  the  magnifying  power. 

But  C  :  D  :  :  A  :  B.     (Smith's  Optics,  p.  93.)     And  by  dl-  ' 

C        A 
vifion— =— .     Therefore  the  enlargement  of  the  piflure 

of  an  obje^  within  the  telcfcope,  does  not  increafe  its  mag- 
nifying power. 

Hence  thefe  properties  of  the  telefcope  prove  to  a  demon  Condufion* 
llration,  that  the  conclufion  which  I  have  drawn  from  my 
experiments  is  a  law  of  vifion ;  and  this  law  (hows  us,  that  no 
concavity  of  the  (ky ;  no  tcrredrial  perfpe6live,  nor  even  tfie 
painting  of  the  waves  under  Black-Friar^s  Bridge,  can  explain 
the  phenomenon  in  qucdion  *,  The  caufe  lies  wholly  within 
the  eye. 

It  is  a  mod  unpleafant  talk  to  enter  into  controverfy,  but  I  Refpedliif 
cannot  fee  how  I  could  avoid  it  in  this  inHance.  It  appears  to  ^  ^* 
me.  Sir,  that  you  inferted  C.  L.'s  paper  for  me  to  anfwer^ 
and  I  have  complied;  hoping,  however,  that  this  is  the  laft 
time  of  my  having  occaiion  to  ufe  my  pen,  againft  an  anony* 
mous  writer.  Common  juflice  feems  to  demand  the  names  of 
thofe  who  undertake  the  examination  of  fucb  papers  as  are 
owned  by  their  refpeftive  authors. 

I  am.  Dear  Sir, 

Your  mod  obedient  fervant, 

EZ.  WALKER. 

Lyrm,  Jan.  18,  1805. 


XII. 

Dejtription  of  a  Jtmple  Inftrument  far  making  correSt  Dratiingi 

from  Nature.     By  T.  C.  B. 

To  Mr.  NICHOLSON. 
SIR,  /anuary  22,  1805. 

X  HE  defcription  of  two  inftraments  fo^  facilitating  land- 
fcape  drawing  from  nature  given  in  the  firft  volume,  page 
2i  I  f  of  your  Journal,  has  fuggcRed  to  me  the  conftru^ion  of 

*  Philofophical  Journal,  vol.  IX.  page  237. 

another. 


lis  »S««FBCTIVf  IHUAVlUHIIi; 

Ar  mnOmr,  which  (cemitoiiiiiloliMaocoroc^ordiefirllof 
iuftrainefiU  wilh  the  fimplicilj  and  portmbiliCy  of  the  SbooimL 
As  I  cooceive  it  may  beof  feme  lanrice  to  ihoTe  who  are  is 
the  habitof  ftetchinr  landloipe^  I  fend  joa  a  defcripCioii  of 
one  which  I  have  had  made,  that  yoo  may*  if  70a  fiugk  pro- 
per, poUtfli  it  in  year  Joornal.  Lot  A  B,  Pig.  If.  FMr  5. 
beaflatnile^  fuppofe  twelve  inchei  loog»  havii^  at  its'eiE* 
Irenuttei  two  arms  B  D  and  A  F  turning  upon  a  joint  at  B  and 
A;  andin  eacharm  acifcolarjointatCandG:  let  the  ksngth 
of  each  arm  B  D  and  A  F.be  ten  inches:  a  handle  to  6k  miE» 
and  a  thread  paffing  through  two  holes  eqaidiftant  (torn  the 
handle,  making  any  length,  according,  to  the  englevagler 
which  the  view  may  be  befi  feen* 

.  To  ufe  the  infirnment,  take  the  end  of  the  threed  lo  th# 
month,  and  hold  th^  infimment  upright  before  the  eyf»,  tbi^ 
move  either  or  both  of  the  arms  till  the  points  D  find  F^m 
brooghtin  a  line  between  the  eye  and  foy  point  m  the  lainl^ 
fcape  you  nv^y  wi(b  to  delinoaCe;  lay  the  inftrument  np^n  fb9 
drawing  paper^  ^ndyou  will  have  the  true  fitnatioa  of  (wb 
part  of  the  ful^eift-— 'Proceed  in  like  manner,  taking  Cftr^  jlr 
ways  to  keep  the  bafe  line  in  the  fame  pbce,  till  you  gipt  gp 
many  points  as  you  require,  by  which  means  any  landfcape  gr  • 
building  may  be  drawn  very  expeditioufly,  and  with  a  greajt 
degree  of  accuracy. 

To  make  the  iniirument  as  portable  as  poffible,  there  is  a 
joint  in  A  B,  which  the  handle  covers,  and  the  pieces  D  G 
and  C  F  are  made  of  thin  brafs  to  fold  into  the  pieces  A  ^ 
and  BG;  fo  that  the  inftrument,  when  folded  ap,  need  oo» 
cupy  no  more  room  in  the  pocket  than  a  fmall  f|>edacle  cafe. 

It  is  perhaps  unneceflary  to  add  that  this  inftrument  may  be 
ufed  for  the  purpofe  of  copying,  and  anfwers  the  purpofe  of 
a  triangular  or  quadrangular  compafs. 

lam.  Sir, 
Your  moft  obedient  and  humble  fervant, 

T.  C.  B, 

If  the  rough  inclofed  fketch  of  the  inftrumen^  is  not  fyf&r 
ciently  intelligible,  Mr.  Nicholfon  may  fee  oneatMr.Frwier's, 
Optician,  in  Bond^Street, 
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Oh/enalinm  nn  Bajtib,  find  on  Hie  Tranftilon  from  the  utrerut 
to  Ihe  fillip  Teituir,  ti,hi:h  occui  *  in  the  gradual  Jiefrigeratitn 
iif  lulled  Bafull;  mth/ame geuii'sUiil  Hemarkx.     Jua  LcUtr 

/ronGKBooKY  VVati,  EJ^.  to  the  Rigla  H'm.  Cuardu 
GRBVIitK,   P.P.R.S.    FromUtePhdopphicdTrn^pidivm 

fir  \iQ\,  jj.  279. 


SIR, 


Svlio,  April  \iO^. 


■A  H£  imporlaol  geological  confeqaences    that    feem   de- Sir  Junei  HiTi 
ducible  (turn  the  chanK"  I'f  teslure  developed  by  Sir  /aiues'^'"!!"""'"''" 
Hall'*  very  ]uHicioa<  experimenls  on  <he  regulated  cooling  ofbtion  of  fufcd 
tnelied  bafjil,  induced  me  lo  atiempt  a  repetition  of  iliem, ''**^^'* 
foine  time  after  the  publicaliim  of  hit  interefling  and  ingenioul 
paper.  •     1  believe  that  furmerly  1  had  ihc  honour  of  [howing 
^ou  fume  of  (lie  refulti  o)'  my  imperfeA  and  diminutive  ex- 
periments, which  only  farved  lo  afford  additional  proofs  of  the 
Iranlitiai)  from  the  vitrcuu)  lo  the  (lony  texture,  which  tskea 
place  in  the  gradual  refrigeration  of  glaft.     Circnmftaucei 
liaifB  prevenled  ray  rdumlng  ihefe  invefligalioni,  till  it  lately 
occurred  to  me  that  fomeihiog  might  be  learned,  by  exposing 
to  the  action  of  heal,  a  much  larger  mar^  of  bsfallic  matter 
lltan,  Bi  far  a)  I  am  informed,  had  ever  at  one  time  been  fub- 
je^ed  to  eKperiment. 

Oa«  of  the  common  rcverberatory  furnace*  afed  in  ironThecxpcrineat 
founderie"  forthefufionof  pig-iron,  wa«  flrongly  heated  by  g"!*"^^ '"' ^ 
fire  ntaintained  for  feveral  hour*.    About  feven  hundred  weight  i>(. 
of  amorphouibafali,  here  called  Rowley  Rag,  was  broken  into 

fmall  pieces  and  depofiied  gradually  on  liie  elevated  part  of 
the  interior  of  the  furnace,  between  the  fire  and  the  chimney, 
irora  whence,  a-!  it  mdled,  it  flowed  into  tlic  deeper  part,  in 

which,  in  ordinary  upcrations,  tlie  melted  iron   is  culleded. 
It  wot  nbfwved  by  Ihuperfons  attending,   that  it  did  not  re-It  wHufilf 
qaire  half  the  quantity  o(  fuel  to  fufc  the  bafJl,  that  would  ^'"''J^  """^ 
luve  been   neceiTary  to   melt   an  equal   weight  of   pig-iron.  whJ^'oitkJj    * 
When  the  whole  was  melted,  it  formed  a  liquid  glals,  rathec'^'*^ 

•  PubUOied  in  the  Tranfaaion*  of  the  Royal  Society  of  Edin- 
burgh, Vol.  V.  and  in  our  Jourail,  Vol.  V,  quaito  fcrici. 

Vol.  X.— PkBtiuAitT,  isOi.  I  l«iuai»u% 
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^■Rt  onstRVATI 

^^^1  lenaciouE,  from  wliicli  a  Urge  ladle-lull  wai  taken,  which,  on 

^^^^  beiDg  allawed  lo  cool,  reiainird  ihc  charadets  of  petfeQ  gtafs. 

^^^^B  Tlie  lire  was  maintained,  Ibougb  with  gradual  dimin'ulion,  foe 

^^^B  more  than  fix  hours;  afler  whicli  time,  the  draught  of  ihc 

^^^n  chimney  wa»  intcrcepled,  the  furface  of  ilie  glafi  wai  covered 

■^  with  healed  fand,  and  the  furnace  tvai  filled  with  coa!si  which 

Slowtontcli-     were  confumed  very  (lowly.     It  was  eight  day!  before  the 
'""■•  mafs  in  (he  furnace  was  fufficienlly  cool  lo  be  extraded,  and 

e\-en  then  ii  retained  confideiable  internal  heat. 
Apiwinnecof         The  form  of  liie   niafs,  being  given   by  the  bottom  of  the 
'""  '  furnace,  wa^confiderably  irregular,  appruachitig  lo  the  Qiape 

of  a  wedge  whofe  lowet  angles  were  rounded.  It  was  nearly 
thiee  feet  and  a  half  long,  two  feet  and  a  half  wide,  about  four 
inches  (hick  atone  end,  and  above  eighteen  inches  at  the  other. 
From  this  divertily  of  thickitef^,  and  frum  the  unequal  a£lion 

iof  the  heat  of  the  furnace,  tuu  great  an  irregularity  had  pre- 
vailed in  the  refrigeration  of  the  glaf;,  to  permit  tti  atiainment 
of  a  homogeneous  texture.    Thcfe  circumlUnces  might  proba- 
I  biy  have  been  counteracted  by  belter  deviled  precaulioni ;  but 

the  inequality  of  ihe  produCi  is  not  lo  be  regrelled,  fiiice  it  hu 
IbrluiloufTv  difclofed  fome  very  lingular  peculiarities,  in  the 
arrangement  of  bodies  pacing  from  a  vitreouc  lo  a  flony  Date, 
'  which  might  have  remained  unobferved,   if  ihe  dcfired  homo- 

geneity ot  the  refull  had  been  oblained.  I  fliajl  miw  endeavnur 
to  defcribe  the  varioui  products  of  this  operalicin  ;  and  I  ftiall 
tdfo  fubmit  to  your  confideration.  Tome  rematka  which  appear 
to  me  to  arife  naturallv  from  the  phenomena  1  haveobfervcd  ; 
premiGng  thai,  except  where  my  opinions  arc  fupported  by 
the  unequivocal  demunilratiun  of  facts  1  olier  ihem  with  the 
ulmuH  deference  lo  Ihe  decifion  of  more  sxperienced  and 
judicious  mineralogills  and  geologifli. 
EtwrniUhn»c.  *'  •"»>  ^  Pfopc'  '"  8'"^  ■  CMicile  dcfcription  of  rowley  rag 
irn.  Sec.  ol  iifelf  before  I  conMer  the  produftswhich  it  yicldsby  igneous 
lowicjr  ijg,  fuiion.  This  Ipecies  of  bafalt  is  fine-grained,  of  a  confufed 
ctyftalliswd  texture  ;  its  fratlure  uneven  in  fmali  piecet,  eon- 
choidal  in  Earge  pieces.  Its  haidnuls  fupeiiorio  common  elafs 
but  inlerior  lo  feldl'par.  Its  tenacity  confiderable.  Its  aSion 
on  the  magnetic  needle  llrong,  but  without  figns  of  polarity. 
Its  fpecilic gravity,  according  to  my  trials,  ■J.SGS.  lis  general 
colour  iron  gray,  approaching  lo  black.     Ii  is  opaque;  and  it 


k 
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refleds  light  from  a  number  oJF  briUiant  points,  fome  of  which 
feems  to  be  feldfpar,  and  the  others  hornblende.  * 

1ft.  This  fubftance  is  ea61y  fiifed  into  glafs,  whofe  textare  is  Its  glaft. 
completely  vitreous,  with  few  air-bubbles.  Its  firaAure  unda* 
lated  conchoidal.  Its  hardnefs  fupertor  to  feldfpar,  bat  inferior 
to  quarts.  U  poflfe^es  fcarcely  any  action  on  the  magnetic 
needle.  Its  colour  is  black  :  it  is  nearly  opaque,  being  tranf- 
lucent  only  in  very  thin  fragments.  Its  fpecific  gravity  ap- 
pears to  be  2.749. 

2d.  The  tendency  towards  arrangement  in  the  particles  of '^ 
the  fluid  glafs,  is  firft  developed  by  the  formation  of  minute  s^^i] 
globules,  which  are  generally  nearly  fpherioaly  but  fometimes 
elongated,  and  which  are  thickly  difleminaled  through  the 
mafs.  The  colour  of  thefe  globules  is  confiderably  lighter  than 
that  of  (he  glais ;  they  are  commonly  grayifli-brown,  fome* 
times  inclining  to  chocolate  brown,  and,  when  they  have  been 
formed  near  the  interior  furface  of  the  cavities  io  the  glafi^ 
they  projed,  and  refemble  a  clufter  of  fmall  feeds.  Their 
diameter  rarely  exceeds  a  line,  and  feldom  attains  that  fize, 
as,  in  general,  they  are  fo  hear  to  one  another,  that  their 
furfaces  touch  before  they  can  acquire  confiderable  magnitude. 
Io  the  procefs  of  cooling,  they  adapt  their  form  to  their  con* 
fined  (ituatioo,  fill  up  every  interftice,  and  finally  prefent  a    . 


*^^  The  nigftone  has  been  accurately  analyfed  by  Dr.  Withering,  Analyfii  of 
who  found  that  1000  pans  of  it  contained  4t5  parts  of  (iliceous  ^^  ng  by  Dr. 
earth,  325  aigillacecuis  earth,  and  200  calx  of  iron }  but  this  iron  ^'^'^'"V* 
feems  to  me  to  be  in  a  very  fmay  degree  of  calcination,  from  the 
dark  blue  colour  of  the  flon^  from  the  nifty  colour  it  aflumes  on 
being  expofed  to  a  farther  ftate  of  calcination  by  air  and  water,  and 
from  the  magnetic  property  of  the  mountains,  which,  as  Dr.  Plot 
obferved,  turned  the  needle  6*  from  its  proper  dire61ion.  This 
magnetic  property  has  flnce  been  obferved  in  feveral  bafaltic  moun- 
tSLiMf  particularly  in  the  Giant's  Caufeway  in  Ireland,  and  very 
remarkably  in  a  bafaltic  columnar  mountain  called  Compafs  Hilt, 
in  the  ifland  Cannay,  one  of  the  Hebrides,  defcribed  by  Ge^i^ 
Dempfter,  Efq.  in  the  Trania^ioas  of  the  Society  of  Antiquaries 
in  Scodand,  Vol.  I.**  See  Mineralogy  of  the  South-weft  part  of 
Staflfbrdihire,  by  James  Keir,  Efq.  F.  R.  S.  publiflied  in  Shaw*t 
Hiftory  of  Staffbrdfhire,  Vol.  I. 

Mr.  Kirwan  ftates  the  fpecific  gravity  of  rowley  rag,  which  he 
calls  ferriliu,  at  2.748 ;  and  afligns  its  melting  point  at  98*  of 
Wedgwood's  pyrometer. 

1 2  homogeneous 


r,  end  ha* 
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hftmogtanui  hod;,  whiilly  unlike  glafs,  and  equally  unlik* 
the  parent  b«ralr.  When  the  union  i>t  llie  litile  ^lobiilei  kM 
.  beeo  impcrfeaiy  etfecled,  (he  frsAare  of  tlw  mafs  indiwle* 
ill  (iruflnrc.  by  numerou)  minute  conchoidal  lira^urcit,  wbick- 
difplay  tli«  fods  of  each  gliibulc.  Bui.  if  ihe  srtBngem«nl  hw 
extended  a  liltle  farther,  all  ihiffe  fubdivifionii  are  entirely  loft; 
the  mafs  become*  perrccllycoinpafl,  iiaiancvenor  a  fiat  coit* 
dioidal  fraclurc.  it  nearly  of  ihe  fame  hardnefi  *<,  the  glsfs, 
is  commonly  of  a  chocolate  col'tur,  graduating  into  a  browniih- 
black,  and  the  intenlily  orthecoluurincreafex  in  proportion ta 
s  J"'-  the  degree  to  which  i  he  arran)cement  has  extended.  Iliafpefl 
ralhetj^reafy  ;  ajul  it  much  refembles  fome  varieties  of  jafper 
lA'nn.  in  the  GOinfM^iefK  ol  iti  t«xlure,  and  In  its  opacity 

iiWic  aftion  ii  exKcmti/  keble,     lu  fpecific  gfaviij  apj 
10  be  2, MS. 

Mote  tlvannil  ^ij.  If  itie  maf»  were  now  rapidly  coaled,  it  i<  obviouf  th»t 
S^JtaT^^'  '^*  '^'''*''  """''1  ^  '''*  rubfldocc  I  have  juft  defcribed;  but, 
ibic.  if  tha  temptrature  adapted  to  the  farther  arrangement  of  iu 

particles  be  continued,  anolhci  cliange  i^  imniediately  coo^ 
menccd,  by  tlie  ptogtefj  ol  which  it  acquires  a  more  flonjf 
texture,  tuucli  greater  tenacity,  and  its  colour  decp«n*  a4 
•iilcutolour.  theft;  char.][e<!  advaiicv,  till  it  become!  abfolulel^  btack* 
SunK^limet  this  alteration  a  eir<jfled  by  a  gradual  troitfiti 
the  limiiJ  of  A-hich  cannot  be  afligned,  but  more  generally 
by  the  fomiAiion  u>  f<!C*ndary  Fjilieroids  in  Ihe  heart  of  Ihit 
conipafl  jafp«ieoii'<  fubftancc,  Tlicfe  fpernids  differ  elTen. 
tialty  &om  ihufe  lirft  ilefcribeJ  ;  the  centre;  of  their  formalioi) 
art- more  remote  from  each  other,  and  their  magnitude  is  pro. 
p'irlionably  greater,  f»iaelimei  extending  lo  a  diameter  of 
two  inche.t,  and  Teeming  only  to  be  limited  by  conlaCl  with 
Ijrge  fpbcroidi  [he  peripheries  of  other  fperoidf.  They  are  radiated,  with- 
"" "  "'*  dilliufl  librei ;  fometioies  tha  fibres  refemble  thofe  oE 
brown  hamaiites,  and  fomeiimes  they  arc  fafciculaled  irregu- 
larly. To  at  to  be  very  fimilar  in  appearance  to  Ihe  argill^ 
ceoMs  iron  ores  rendered  prifmaitc  by  lorrcfaflion.  They  arv 
generally  well  defined,  and  eafily  TeparaMe  from  the  maft 
they  arc  engaged  in ;  and  often  the  fibres  divide  at  equal 
didancej  tVom  Ihe  centre,  fo  as  lo  detach  porllont  of  ths 
fperoid  in  concentric  c-oaH.  The  Iranfverfe  fraflure  of  Uic 
fibres  is  compafl  and  fitie  grained ;  the  colour  black ;  and  lb* 
1  kardneft  fomcwhat  ialerior  to  that  of  Ihe  baUliic  glafi.    WIh« 
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Iwo  of  the  fplieraids  come  into  conlaA  by  mulual  enlargomenl, 
no  in  term  in  lure  of  ilieir  fibfoi  Teem  lo  lake  place;  they  ■p-Contia«itfc 
(leor  cquall)'   impencirable,  and,   as   neither  can  peretraie.JP^™"'^  PJ^ 
buth  are  cooiprelTeit,  and  their  limits  are  defined  by  a  plane,  4iaD). 
at  which  a  feparation  readily  takci  place,  and  each  of  the 
fides  ii  invefted  with  a  rufiy  colour.     When  Tcvcral  fpheriiid* 
come  in  conlafi  on  Ihe  fame  level,  tliey  are  tbraett  by  mniual 
pieirure  tnio  prttly  regular  ptifnii,   wbofe  diwiGon  it  perfefily 
defined ;  and  when,  a  fpheroid  is  furroutided  on  all  lidet  by 
otheri,  it  is  comptelliid  into  an  irregular  polyhedron. 

4th.  The  irarlilion  from   lliis  ^faroui  Hate  to  a  dtUerenl  ar- Third  irnngo 
rangemeni,  feein«  io  be  very  rapid  {  for  the  centre  of  moH  "''^ft^n!*,j,^J^f^ 
the  fpucoids  becomes  compafl,  before  lliey  attain  the  diameter  imt  icmcitr, 
of  half  an  inch.     A*  the  fibrous  ftniaure  propagates  itfelf  by  ^gi,'"^"^*", 
radialing  into  the  unarranged  mars,  thecompafi  nucleus  whichiftion.  J 

fupplie«   its    plate  gradually  extends  IHI  it  finally  at laini  the  'I 

limils  of  the  fpheroidfi;  and  Ihe  fame  arrangement  pervadei  ■ 

the  matter  comprehended  between  Ihem.     The  maft  ha«  now  fl 

alfuined  a  compact  llony  texture,  and  polTelfcs  great  lenacity,  H 

lit  hardnefs  is  fomewhat  inferior  to  that  of  ihc  glafi  from  which  ^t 

it  wa<  formed,     lis  adion  on  the  magnetic  needle  i«  very  con-  JH 

liderable.     In  fpecific  graviiy  is  2.938.     lis  ccJour  ts  black,  ■ 

inclining  lo  Heel  gray:  ii  is  abfolutely  opaquei  and  only  re.  J 

ilefls  light  from  a  fevv  minute  points.  Though  ihe  diviGont  ^^^^H 
belwcun  the  fpheroids  are  rendered  inipercepLible  to  the  eye,  ^^^^H 
they  are  nol  obliterated,  and  iheir  rully  fuifaccs  are  often  dif-  Vl^^^l 
doled  by  an  alUnipL  lo  fraflure  the  mafe.  ^^^^ 

jlh.  A  conlinualion  of  tlie  temperature  favourable  la  ar- Cnnulu  ccs>  1 
rsngemenl,  fpeedily  induces  another  change.      The  texture*"*'  I 

of  Ihe  mafi  beconies  more  granular,  ii>  colour  ralher  Dtore  m 

gi^y,  and  the  brilliant  points  larger  snd  more  numerous :  nor  H 

IS  it  long  before  thefe  brilliant  molecules  anange  themfekei  H 

into  regular  forms ;  and,  finally,  the  whole  mafs  becomes  per-  ■ 

vaded  by  thin  cryHalline  laminx,  which  inlerfc£t  it  in  every  Crrftaiiiiulnd 
direction,  and  form  projeftitig  crydaU  in  the  cavilic;.     The"-  'a 

hardnefs  of  ihe  bafis  feems  lo  qonlinue  nearly  ihe  fame;  but  I 

the  aggregate  a£lion  of  the  bads,  and  of  Ihc  imbedded  cryf.  I 

tal.%  on  the  magnetic  needle,  is  prodigioufly  incrcafed.     Itpolirftf,  I 

appears  to  polTels  fome  polarity;  and  minute  fragmenlt  are  I 

fufpended  by  a  magnet.  Its  fpecific  gravity  i«  fumowhal  in-  Incnafed  it^m 
creafed,  u  it  it  now  2.949.     The  crytlals  conUincd  in  il,'*<r<  I 

when  I 
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when  examined  by  a  microrcope,  appear  to  be  fidicicQli  of 
flender  prifmsy  nearly  redanguiar*  terminated  by  planes  per* 
pendicobr  to  the  axis ;  they  are  extremely  briUianI ;  their  <* 
.  colour  18  greenifh- black ;  they  are  harder  than  glaft^  and 
fbfible  at  the  blow-pipe ;  they  are  fufpended  by.  the  aOkm  of 
a  magnet  They  are  arranged  nearly  fide  by  fide,  but  not 
accumulated  in  thicknefi,  fo  that  they  prefent  the  appearance 
of  broad  thin  laminae ;  they  croft  one  another  at  all  angles, 
bat  always  on  nearly  the  (ame  plane ;  and  the  lamina  thus 
'  formed  is  often  three  or  four  lines  long,  and  from  a  line  to  a 

line  and  a  half  broad,  but  extremely  thin.* 

It  feems  obvious,  that  an  equalised  temperature  would  have: 
rendered  the  whole  firoilar  to  the  fubflance  laft  defcribed ;  and 
it  may  be  ftiirly  inferred,  that  by  a  continuance  of  heat^  the 
minnte  crytlals  would  have  been  augmented  in  their  dimen- 
fions,  by  the  acceffion  of  molecules  (lill  engaged  in  the  bafis,. 
or  by  the  union  of  feveral  cryftals,  till  they  acquired  fufficient 
magnitude  for  their  nature  to  be  abfolutely  determined  by  the 
ufual  modes  of  inveftigation.  It  is  probable,  however,  if  fuch 
precautions  had  been  taken  as  might  have  fecured  this  degree 
of  perfedkion  in  the  ulterior  refult,  that  the  roa/s  v^ould  only 
have  exhibited  an  uniform  jifped,  and  That  the  intereiting  ini* 
tial  phenomena  would  not  have  been  difcovered.f 

There 

*  It  may  be  obferved,  that  the  cavities  which  exifted  in  the  glafs 
are  not  obliterated  during  the  fubfequent  procefTes,  though  their 
interior  furfaces  undergo  fome  change.  The  minute  globules  firft 
formed  often  become  prominent,  and  project  into  the  cavities. 
Thefe  minute  points  are  foon  obliterated  by  the  large  curves  of  the 
fibrous  fpheroids,  which  give  a  mamellated  form  to  the  interiors  of 
the  cavitief;  and,  when  the  cryftals  are  generated  in  the  mafs, 
they  (hoot  into  fome  of  the  cavities,  and  line  them  with  their  bril- 
liant laminae. 

f  In  this  and  the  fucceeding  paragraphs,  the  word  molecule  is 
ufed  in  the  fenfe  aIHgned  to  it  by  Hauy  and  Dolomieu,  and  is  un- 
dcrftood  to  reprefent  the  peculiar  folids,  of  definite  compoiition  and 
invariable  form,  the  accumulation  of  which,  forms  the  cryftals  of 
mineral  fubftances.  Such  molecules,  preferving  their  form  and 
their  eflential  character iftics,  may  be  extracted  from  moft  cryftals 
by  mechanical  divifion,  and  may  be  fubdivided  as  far  as  our  fenfes 
can  recognife  them.  Though  we  cannot  by  mechanical  means  di- 
really  divide  them  into  their  c;|emeDtary  particles,  we  are  enabled 

to 
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There  tie  fome  confiderations  which  appear  to  ofler  a  par*  Szpltnatiaa  tf 
tial  ea^lanaUon  of  the  formation  of  the  globnlei,  and  of  the^  ^";^^J^ 
radiated  fpheroidt.    It  is  well  afcertained  that  beat  is  emitted  fpberoids  $  from 
by  all  bodies,  in  their  change  from  a  gafeous  to  a  fluid  ftate,  ^^^^^. 
and  alfo  in  their  change  from  a  fluid  to  a  folid  ftate.     It  is  gchiiiiu 
reafonablc  to  fuppofe,  that  heat  may  alfo  be  emitted  in  thofe  , 
changes  of  arrangement  which  aflfed  the  internal  texture  of  • 
body,  after  it  has  attained  an  apparently  folid  ilate.     That  • 
fucceflion  of  fuch  changes  does  actually  lake  place,  appears 
to  me  deraonfirated  by  the  appearances  I  have  defcribed»  and' 
by  the  increafe  of  fpecific  gravity,  which  (eems  to  keep  pace 
with  the  internal  changes  of  the  fubilance.     It  would  appear«- 
that  thefe  changes  are  cauTed  by  a  gradual  diminution  of  tem- 
perature, which  permits  certain  laws  to  induce  peculiar  Ar«  ,„ 
rangements  among  the  particles  of  the  glafs.    When  feveral  of 
tiiefe  particles  enter  into  this  new  bond  of  aflbciation,  they* 
muft  form  a  minute  point,  from  which  heat  muft  iflue  in  everjf 
direction.    That  heat  will  gradually  propagate  itfelf,  till  the 
temperature  of  the  glafs  is  equalized;  and  then  the  recur* 
rence  of  the  circumflances  which  induced  the  flrft  particles  to 
arrange,  will  caufe  other  particles  to  arrange  alio,  which  the 
attradion  of  aggregation  will  difpofe  round  the  point  firft 
formed.     A  fecond  emiflion  of  heat  in  every  diredion  will 
take  place;  the  temperature  will  again  be  equalised;  and 
again  another  concentric  coat  of  arranged  particles  will  apply 
itfelf  to  the  little  globule.     But,  at  the  time  when  the  central 
point  of  this  globule  was  formed,  the  equality  of  temperature, 
in  the  mafs  of  glafs,  would  probably  caufe  a  number  of  fimilar 
points  to  be  generated.    The  formation  of  each  muft^proceed 
in  a  fimilar  manner   to  what  I  have  defcribed,    till  their 
furfaces  touch,  and  all  the  glafs  be  converted  into  the  fame 
fubflance. 

Thefe  globules  are  therefore  formed  of  oonoentric  cotffi;  General  eoonee- 

but  they  are  alfo  radiated.     Every  one  muft  have  remarked  ^JUJ^Jf]^]?"  ^ 

tare  and  foma* 
to  eifefl  this  by  chemical  folution,  the  only  power  to  which  their  tioo  b|  coiicea* 

aggregation  yields.    It  will  be  evident,  from  the  obfinrvations  that  trie  coals* 

follow,  that  I  am  inclined  to  adopt  the  ingenious  idea  of  DolomieOa 

that  many  apparently  homogeneous  rocks  are  compounds- of  .the 

minute  molecules  of  (everal  fpecies  of  minerals  |  and  that,  wheirf  ^ 

a  fvitable  opportunity  is  given,  thde  wil]  dcvdope  tbemldvtf-by  * 

the  iinination  of  their  peculiar  cryflala» 

thft 


«•< 
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the  eonneition  ihat  almoll  unifnrmly  exifti,  betwMa  tb«  ra* 
dialed  (Irudure  and  Ihe  formBiion  by  concentric  coati.  TT»ei» 
pre  few  radiaied  rubflinccE  wliich  are  nnt  divifible  inlo  con- 
centric fragments ;  and  as  feiv  coi:cciilric  Bfrangement*  trbidi 
are  not  radiated.  Of  llic  fird,  il  may  be  funicieitt  to  menlign 
tivmatiles;  of  the  recoiid.  talcaTeout  flaladjtcs.  The  ten- 
dency to  lliii  union  of  flru£lure,  may  perhaps  be  produced  by 


f  the  folulion 

of  ibe  coals  will  naturally 

■lie    accumulation    uT    par- 

mllioii  ol  beat  nccelTarily  iiw 


the  radiation  of  ibe  emitted  lie 

»be  aqueous  I  and  l)ie  divilin 
lake   place  at    lliufe  paufus 
ticles,  whicii  the  momcntar} 
duced. 
Tbrmi^Mi  of  che      If  this  be  allowed  to  explain  the  formation  of  the  lirft  Ibrieti 
Urgjriphin^  of  globulfl*  whidi  confolidole  into  the  jafpideous  fuLIiance, 

I  will  alfo  explain  the  formation  of  ihe  larger  and  more  diftinfilyi', 

radiyled  fphcroidx,  which  have  been  already  flaled  to  be  ver^' 
«aJily  divifible  into  concenitie  Irsgmcnij.  Tho)  probably  werw 
alfo  formed  rouud  a  central  point,  by  ihe  accumulation  oflhiw 
coBis ;  and  the  tendency  to  radialiun,  which  feem'-  almoft  inle- 
parable  from  Ihii  JlruClure,  was  perhaps  aided  by  the  arrange^ 
ment  induced  by  Ihe  emilTion  of  heal  from  every  part  of  tlM 
fuffacc  of  the  fpheroids.  This  mode  of  formation  has  the  ad^ 
Tanlage  of  explaining  their  impeneliabiiily.  Had  Ihey 
geueratcd  by  ladii  diver^ng  from  a  centre,  their  c(iaipa£ln«fi^i 
■lufl  have  diroiniQied  as  ihcir  dial 
liruAure  which  I  have  fuppofed,  each  coat  i«  compofed 
particlui  folidly  arranged  in  immediate  conlaft  with  oacboti 
[  leaving  no  fpaces  for  penclratinn.    Ihe  fame  progreft  it  tigidi 

obferved  in  the  exienfion  of  ihe coinpafl  nucleus,  which  alwa] 
occupies  the  centre  of  ihe  radiated  I'plicroids,  and  finally 
tenditolhuir  peripheriei.    Ii  obferrea  the  concentric  divifioMi 
of  the  radiated  part  with  ihe  greatefl  precilion  ;  and  the  [fna 
of  iheir  reparation  ii  alway«  petfeftly  defined.     Bui  the  Date 
cf  aggregation  into  which  Ihe  fubOance  hat  now  entered, 
fo  perfefl  a%  to  overcome  the  operation  of  the  cautes 
formerly  induced  the  fibrous  flruflure,  and  tlie  mars  ret 
Mmpaft.     The  only  change  that  the  fubDsncc  aflerwsrdi 

Ldergoes  confifls  in  ilie  gradual  accumulation  of  the  cryftall 
molecules,  and  their  arrangemrnl,  by  their  individual 
iplo  [«£uU[  fuM*-     l^bu  dtpendi  wi  very  dUiwisiU  Uwi 


I 
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Aak  whEc^  conroiidaled  the  fluid  ghd,  and  aggr*gMcd 
pvtictes  into  a  conpafl  unifcMm  floiie.* 

The  appearances  that  I  have  eiideavouied  lo  defcribe,  fe«n  ^}^"  ««G'l«^ 
defcrving  of  conllderatlon  in  feveral  point*  of  view.  Few  R,pn'i,.h)f  ,.'r- 
ttitngi  can  be  more  at  variance  wiih  commonly  received  opi-'"">nance,  th»t 
nion,  than  lite  diveifified  fucccffion  ot  clianges  «f  firuflurCfujJttd^^flo- 
which  ihii  glafs  exhibiti  in  ils  paflage  lo  a  crynallised  Oale.Uiiy  nujbEdip. 
The  generation  of  ihe  globulei  whicli  unile  to  form  the  j"fpi-J^"''"" 
deous  fubllance,  is  what  we  might  be  prepared  to  expef),  by 
obferving  the  cooling  of  a  common  iron  furnace  Hag.  But  it 
appear)  not  very  obvious  to  common  appte  lien  lion,  that  the 
rpeciei  of  arrangement  requifite  to  form  Ihii  inlermediary 
fubdance,  could  be  compatible  with  any  fluidity  pennitting 
farther  motion  of  Ihe  moleculei  of  the  luafs;  yet,  immedi- 
ately after  the  completion  of  this  arrangement,  they  receive 
Bnewdirpofition,  and  (heradiated  fibrous  1)  r  u  A  u  re  commence). 
Sometime)  this  pervades  even  the  unaltered  glafs  ;  but  I  pre- 
furoe  this  only  to  happen  where  Ihe  minute  globules  firfi  form- 
ed were  fcattered  fo  far  afundor,  lliat  their  cenltbs  becam* 
fibrous,  before  their  peripheries  came  into  coiiia^l.  Thit 
view  of  Ihe  fubjef)  is  judified  by  the  analogous  operation  of 

•  The  cafe  i)  confidenbly  different,  where  tryftals  potrefling  re- 
gular foimt  are  generated  in  glaft.  The  molecule*  of  which  thejr 
are  famed,  hnve  doubtlefs  been  only  fufpeiided  in  the  viirrou*  me- 
dium i  and  their  union  it  delcnnined  by  n-yftalline  polarliy,  which 
appear*  lo  mc  pertc£lly  diltinS  from  the  limple  iggregalioo  which 
ch^oget  a  fluid  inio  a  folid,  wheihec  it  be  homogeneous  or  com- 
pound, which  affects  the  internal  arrangemeni  of  thofe  bodies,  but 
which  never  can  fcjiaiaie  iheii*  componenis  into  diftinft  malT»,  or 
form  ihem  into  regular  folids.  Every  molecidc,  at  ihe  moment 
of  its  formation,  muft  necelTarily  be  endowed  with  all  the  proper- 
tiei  it  aficrwardi  ponelTcs.  The  fufpenlion  of  fuch  moleculet  in  ■ 
fluid  medium,  though  it  may  conceal,  cannot  alter  ihofe  proper- 
ties;  and  the  union  of  fuch  molecules,  to  form  a  regular  folid, 
in  no  tefpefl  alters  their  individusl  or  aggregate  qualities.  Whe- 
ihar  beat  be  emivcd  at  the  moment  of  this  union,  is  a  qnettion  not 
eafily  folved  j  as  the  cryftilliiations  with  which  we  are  faniliar  ar« 
from  chemical  rolulicits,  in  which  lame  ef  the  moleculei  are  g*. 
neratcd  by  the  fcparalion  of  a  combined  fubftance,  at  the  m«ntin 
vbcn  (ribui  arc  united  by  c/yHaUine  polarity. 
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(tie  formation  of  cry  Qals,  fimilarlo  iWe  def<.Tlbed,  i 

of  Ilie  radiated  fperoids,  while  iheir  exietjors  Itill  retained  tt 

fibroui  lexlure. 

—  R(iitw«f        If  it  be  conridoted  a*  eiclraordinary,  that  ■  change  (bnuld 

«W  '^^'^^^   b*  effefled,  convening  an  apparenllj  folid  and  honiiigencwi* 

licw.  mafs  into  an  accumulation  of  radiated  fplieroida,  and  that  liiefc 

radii  Qiould  lofe  iheir  fibroui  firudare,  end  alTumethe  texture, 

alpefl,  and  tenacity,  of  a  compact,  hard,  and  homogeneous 

flone,   it  is  certainly  much  more  adiaordiiiaty, '  that   ihii 

Aune  Ihould  permit  farther  arrangement   Id   proceed,    and 

(hnuld  enable  tiie  crydalline  molecules  which  it  contains  in  a 

flaie  of  conCuled  aggregation,  to  arrange  (hemfeJve),  and  to 

form  cry (lals  which,  althmigh  minute,  are  equal  in. the  per- 

fefiion  of  their  forms,  and  in  the  brilliancy  of  their  natural 

poliOi,  to  the  moll  precious  products  of  cFyftallization.     It  it 

alfo  well  deferving  of  obfervation,  by  liow  regular  a  matcli 

(he  magnetic  influence  of  the  fubflance  keeps  pace  with  the 

perfection  of  its  arrangement,  till  it  becomes  f«  pDw' 

that  fragments  of  the  regenerated  (lone  are  fufpended  by  II 

atira^ioii  nf  a  niagnel. 

Thcsft af cryf-      It   has  been   mo(1  jujfly  remarked  by    Mr.   Smilhfuiii  1 

uniHtion  11  in-  CqIuijo,,    i^r  from  being  necclTary  lo  cryfialliz 

compibble  with  "  -^        ,,/,,.        ,  ,  ^„ 

fblutluDor  fluid  prevents  lis  commencement ;  tor,  while  loluiiun  rubiidi,  c 
eomhiaiUM.       tallizalion  cannot  take  place.     It  may  remain  aqaellion,  w 

Iher  previous  (olulion  be  eflential,  as  a  preparatory  means  of  ob- 
taining, by  fubfequent  evaporaiion,  or  cooling,  the  fmad  parts 
of  bodies  difengaged,  fo  that  ihcy  may  unite  lo  form  regular 
CTyftal.'.  If  by  lolution  be  only  meanl,  Hial  fimple  afllon  of 
heat,  or  water,  which  merely  cnuiilerafls  the  force  of  aggrega- 
tion, and  rflievei  tlie  molecule'  from  their  bond*  of  union  wiih 
each  other,  it  certainly  is  arequilile;  but  if  by  folution  be 
meant,  that  aflion  of  affinities  by  which  not  only  the  force  of 
aggregation  is  overcome,  but  the  combinations  which  conRitute 
the  molecules  ace  deltroyed,  it  obviouHy  is  not  only  unncccf- 
fary  but  prejudicial  to  cryliallization ;  as  a  new  fel  ol  molecules 
mull  be  formed,  by  a  new  combination  of  the  elementary 
particles,  before  the  formation  of  regular  bodies  can  commence. 
Sufptnfian  it  The  fufpenfion  of  the  molecules  ready  lo  cryfiallize,  may  be 
necetfttyi  hut  corre^ly  faid  to  be  merely  mechanical.  Though  the  me- 
■i'methuiicil.  chanical  aftion  of  trituration  ran  never  be  espefled  lo  refolve 
even  the  moll  calily  divifible  body  in  its  molecules,  becanfa 
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the  fraftarei  will  be  at  leaft  as  frequently  acrofs  the  natural 
joints  as  in  their  diredlon»  yet,  even  by  this  rude  method, 
foroe  perfect  iholecules  may  be  dilTengaged ;  for  we  find,  that 
water  paifing  over  large  furfaces  of  filioeous  fandf  finds  foroe 
molecules  of  (ilex  in  the  fiate  proper  for  aggregation,  and  even 
for  cryilalUzation.  Mechanical  fufpenfion  in  a  fluid  medium, 
of  fuch  denfity  that  the  cry  flail  ine  polarity  may  be  enabled 
to  counterad  the  power  of  gravity,  is  with  juflice  confidered 
by -Mr.  Sroithfon  the  only  requifitefor  the  formation  of  cryflals.  * 
The  circumflances  I  have  detailed,  appear  to  me  an  additional 
confirmation  of  tliis  remark,  and  perhaps  go  flill  farther,  by 
(bowing  that  even  the  fluidity  (in  the  common  fenfe  of  Uw  J^'"*^*^ 
word]  of  the  fufpending  medium  is  not  an  indifpenfable  con*  m  indifpenfaUe 
dition.  For  it  appears  impoffible  to  annex  the  idea  J>f  fluidity  oon^tioa. 
to  the  anion  of  the  minute  globules  which  form  the  jafpideous 
fubflance,  flill  lefs  to  that  fubflance  when  formed,  and  flill 
lefs  to  thofe  fpheroids  whofe  obdinate  impenetrability  is  fb 
firongly  defined.  And  if,  by  any  power  of  imagination, 
thefe  can  be  fuppofcd  to  be  fluid  at  the  time  they  retain  this  ^ 

conformation,  how  can  it  be  fuppofed  that  the  compad  hard 
tenacious  flone  into  which  they  are  ch;inged  could  retain 
thefe  charaders  in  a  fluid  (late?  Yet  the  fubfequent  formation 
of  cryflals  proves,  that  either  ail  thefe  contradidions  muft  be, 
or  that  the  particles  of  bodies  apparently  folid  mud  be  ca^' 
pable  of  fome  internal  motion,  enabling  them  to  arrange  tbem- 
felves  according  to  polarity,  while  they  are  folid  and  fixed, 
as  far  as  they  have  reference  to  the  ordinary  charadlers  of 
fluidity. 

Inflances  even  more  remarkable  have  very  long  been  known  Inftanoes  of  the 
and  authenticated,  though  perhaps  they  have  not  been  generally  JIJIj^^mmc.!*^"" 
regarded  with  the  attention  then  deferve.     Glafs  veflels  are  nents  of  par- 
well  kyiown  to  be  convertible  into  Reaumur's  porcelain,  by  the  **f  *"  **^  ^'*" 
internal  arrangement  of  their  particles,  without  lofing  their  below fufioo. 
external  form,  and  confequently  at  a  temperature  very  much 
below  that  requifite  for  ^heir  fufion.     The  change  of  glafs  into  Reaumiir*s  mt- 
Reaumur's  porcelain,  does  not  arife*  from  an  evaporation  of^bed,  ^ 
the  alkali,  as  has  been  alledged,  but  firom  a  regular  arrange* 

^  See  a  chemical  Analyfis  of  fome  Calamines,  by  James  Smiths 
ion,  Efq.  Philofophical  Tranfa5lions  for  1803,  page  27*  Seealfo 
JOolooiieu^  Jiurnaldis  Mines*  No.  22%  page  56. 

ment 
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men!  of  (he  innlecule*  o(  ilie  gUfx.     Il  commence*  hf  ( 

formalion  of  6br«9  perpendicular  to  ihe  farlace  of  ilie  gtof*] 

and  petictraling  inlu  il.     At  nearly  tlicfane  linie,  rmall  ra. 

diHled  glubuici  are  formed  in  the  iiileiiar  of  the  glals  and 

Ihe  union  nf  ihefe  wiih  ihc  dbttn.  by  ihcii  mulual  incfofe, 

(brnii  the  wholu  inio  a  new  lubAance ;  and,  if  Ihe  requifiie 

temperalure  he  longer  mainlained,   Ihe  fibres  difappear,  and 

ihe  whole  becomei  fine-grained,  and  almoft  compad.     Tliii 

fubflance,  from  the  improved  Hale  of  it»  aggregalion,  U  muili 

Aronger  and  more  tenacious  than  belbre,  ^d  is  not  fufible  at 

a  heat  fufficient  to  lule  the  glafs  it  wax  formed  from  ;  but,  if 

(bat  aggregation  be  once  deOroyed,  the  glafs  refuhtng  from 

hi   fufion  i*  equally  fiifible  with  the  original  glafs ;  and  a  r^ 

pdition  of  the  proceft  will  agarn  form  Reaumur's  porcelain, 

which  may  be  again  fufed,  and  fo  on  repeatedly,  for  Ihe 

quantity   of  alkali   evaporated   during    the   operation   is   Ck* 

ireraely  fmall.     The  hardnefs  and  brilllenefi  of  mclali  rapidly 

'  cooled,  conlraOed  with  Ihe  foftnefs  and  tenacity    rvfulling 

from  their  gradual  refrigeration,  are  all  analagous  inltancu ; 

and  all  the  procelTes  in  which  annealing  is  employed,  and 

more  remarkably   Ihc  tempering  of  (ieel,    the  prool'g  ol    ihe 

internal  roolions  and  arrangements  of  the  pariicleD  of  mailer, 

at  temperatures  rery  much  below  the  heat  is  requifiie  for  ilieir 

fluidity. 

I        Whatever  doobli  may  arife  refpcfling  the  formation  ol  the 

'  ctytiaU,  there  feem^  no  reafon  to  fuppofe  that  their  giaduat 

rncrewfe  would  ceafi-,  til!  all  the  moltcule?  belonging  to  that 

fpecies  weic  exliaufltd,  if  the  temperature  favourable  to  their 

generation  was  continued.     If  the  mafs  wa;:  entirely  compofed 

of  one  fperies  of  molecules,  it  would  be  refulvcd  inlu  an 

Kggregation  of  crjflals  of  the  fame  fubfiance ;  and  probably 

by  a  ftill  farther  continuation  of  the  proccfs  ot  arrangement, 

into  one  cr)flal,  which,  though  it  might  not  polfeft  a  regular 

external  form,  would  be  perfect  in  its  internal  Drufture. 

ttfmtit^a  ar-        But,  if  the  mafs  contains  two  liiHinA  fpecie;  of  niolecuIc<. 

'»"»'''«»*'''' different  rciulismuii  lake  place,  which  will  be  modified  by  the 

proporiiojia!  quantities  of  the  components.     As  it  has  been 

demonllrated  by  Beilhollel,  that  the  atiiaClion  of  mafTes  of 

CtacnJty,  (he    matter  are  relatively  as  their  quantities,  it  tnllows,  that  anlcfs 

Slrf*t**"ll    *  ""^  potent  counleraaing  caufe  be  exerted,  the  nii>{l  abun- 

•flUUicfirlt.    daiit  ingredient  in  the  mixture  will  be  Ihe  GrH  to  crjflallixe. 

•2  But 


ttnn^uti 
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But  liiit  t.ijl]alIT:u(i(in  will  n»l  comprehend  the  whde  of  ilt 
inokiculei ;  fur,  «ttsr  a  cettain  quatiiily  ol'  ihem  sre  Birangvd, 
the  propu(<rons  <A  the  r«niainiiif;  Huiil  .iie  allered ;  lint  in^o- 
(li«n(  whiili  wa^  before  ihe  leai],  may  nui*  be  equal,  ureven 
grealef),  and  it  will  exerciie  its  atlrsclran.  As  ihe  HjH  ctyT- 
tallizaiion,  by  fulMtading  a  large  poriiun  of  Ihe  fluid  particlei, 
inuii  have  obliged  the  laoleculeii  u(  ihe  lefs  abundant  fubflaticc 
lo  appruBch  each  utlier  very  c\o(e\yt  the)  may  be  able  to  col- 
IcathewMtesenlitely  in  their  fifft  allempt  to  ciylJaHizc,  or 
tliey  niay  rurm  altornale  crytlallizatioiia  with  tl>e  remuining 
unartsnged  molecules  of  ihe  more  abunJatil  fubftance.  Haw-  Di 
ever  various  the  fpecies  of  molecule*  may  be,  lh<^y  nill  be 
regubted  by  analogoui  aw9,  and  only  ferve  lu  divciAfy  the 
generated  fubfl antes. 

It  by  nt>  means  follows,  (hat  the  cryflals  afterwards  foand  "^l**  >" 
lo  be  Biofl  infufible  would  be  firft  generated.  Thei^  formation  tSSi?'''*'' 
does  not  altogeiher  depend  on  their  greater  or  lefs  fiitibility,  niTirila  kr 
bul  OH  liie  relative  llrongtii  of  the  allraclinn  which  unites  llwtn  '"^^  *'** 
(o  (be  mailer  ihey  are  immeifed  in,  and  of  the  polarity  which 
invite*  ihem  to  cry  Rail  ize.  In  all  cryllallization  trom  com* 
pound  Quidc,  the  order  in  which  the  feveral  bodiei  crynallize 
iQUfl  be  determined  by  their  relative  quanlilim  and  alirafiionv 
It  i(  p«rfe^ly  obvious,  that  no  molecules  can  form  a  cr^lta^ 
in  m  heat  luSitienc  fur  ii«  fufinit ;  but  il  by  mi  means  enfuM^ 
ihal  il  will  be  formed  as  f(if>n  a«  llie  molecules  aro  cooled  to 
Ihe  poini  where  ihe  cryCalline  polarity  overcomes  the  difinle- 
jftating  power  of  beat ;  lor  they  may  reiruin  fufpended  in  a 
tiuid  tormed  by  more  t'ulible  bodiei,  provided  this  Duid  be 
fufficienlly  abundant  lo  beep  Ihem  from  conlafl  wijh  each 
oiher,  for  ih©  cryftalline  polarity  appears  to  cxcrl  ilfelf  only 
at  extremely  finall  dillanccs.  bx  a  mafi  compofed  of*  fub- 
fiances  in  a  ftale  ol  fluidity,  wiih  lefrailory  molecules  fuf- 
pended among  iliem,  it  is  pretty  clear,  from  Ihe  precedtttg 
paragraph,  that  the  molt  abundaDt  ingredient  will  be  Ihe  6t& 
lo  cyDallize.  Bul  ihe  reniuvdl  of  a  portion  of  the  fufpending 
fluid  muft  bring  the  rcfraflory  molecules  nearer  logelher,  and 
peibaps  (o  near  that  the  cryfialline  polarity  tray  Kvt:fcaitit 
the  aUia3>on  of  the  fluid  for  them  ;  they  will  thereloic  cryAat- 
bae  itexl,  and  will  be  followed  by  the  rumaining  ingreitieiuf/ 
in  the  Older  iheic  itlia^ioni  (liAate. 
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Whoi  refnc-  A^  the  crjfhils  laft  formed  maft  neceflvily  be  imprefled, 
S5«blu!fI!Sr  »^  ^«  P»^*'*  in  conteft,  by  the  pecnliar  forms  of  thofe  which 
Bme  fttfible  have  been  tirft  generated,  it  alfo  follows,  if  the  preceding 
"'""hlic^  reafoning  be  juft,-  that  the  infufible  cryftalt  may  be  found  im- 
impreffioaof  prefied  by  (he  more  fufible  fubflance,  which  cryiiallized  firft; 
thefelaft*  and  the  remaining  ingredients  of  the*  mtxtare,  which  were 

fabfequently  arranged,  may  be  moulded  on  the  refradory 
cryftals ;  and  thus,  in  the  fame  fpecimen,  may  exift  a  refiradory 
fiibflance  generated  by  fire,  imprelTed  by  more  fufiUe  bodies. 
No  cryftal  more  and  imprefling  them  in  it!(  turn.  From  the  fame  coniideration 
'*td^'n^*^  '^  "  obvious,  that  no  cry  Hat  can  be  formed  at  a  temperature 
cafi  be  fbroied  above  the  degree  of  its  fuiibility  ;  and  that,  as  a  neceflkry 
bj  igoeoiis  confequence,  no  crydal  which  is  more  fiiiibie  than  the  bafis  in 
^^  which  it  is  imbedded,  can  be  formed  by  igneous  operation. 

Aqaeoui  fslii-      '  Tlie  fame  laws  mud  regulate  the  arrangement  of  aqueous 
^  J^^^J^folulions,  and  of  molecules  fufpended  in  aqueous  folutions. 
ftom  thofe  la     All  thefe  are  dependant  on  heat ;  for  we  are  unacquainted 
Jfjjn^  ^y-      with  any  fluidity,  and  confcquently  with  any  folution,  which 
cdM^tbe  fuSoaheat  does  not  produce.     Ice  and  foda  have  no  more  m&km 
ef  the  felid  wa-  qq  ^^q^  other  than  foda  and  quartz :  raife  the  teinperature 
.  *      '^      *  of  the  ice,  and  it  unites  with  the  foda;  raife  the  temperature 
'  of  the  foda,  and  it  unites  with  the  quartz.     Both  folutions 
are  effefted  by   heat,    of  the  degrees  of  which   we  know 
neither  the  beginning  nor  the  end,  and  are  therefore  utterly 
unable  to  eQimate  what  aliquot  part  of  its  fcale  is  adequate 
to  the  production  of  thefe  cffecls.     Probably  a  very  minute 
one. 

(To  be  continued,) 
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Account  of  the  Method  of  bleaching  Cotton,  a^s  practi/ed  at  Salt- 
burgh;  and  the  Art  of  giving  a  permanent  Red  to, Cotton  and 
Linen,     ByM,  C.  Schoerbing.* 

Stlxburg  method  V-'OTTON  thread  is  always  wa(hed  before  it  goes  to  the 

of  biciching  cot- ^gj^^eP^     The  method  of  waOiing  here  to  be  defcribed  eive*? 
ton  thread,  «c.  °  « 

it  a  much  whiter  colour  than  ordinary  ;  and  it  is  equally  appli- 

♦  Journal  of  Van  Mons,  No.  15. 
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cAble  to  cottons  in  (he  piece.    This  method  is  called,  for  what  Saltbvf  k 
reafon  I  know  not,  the  Salzburgh  method,  though  it  it  cfaiefljr  - 
pradlired  at  Reginfburgh,  where  four  families  have  lotig  kept  thiaid» 
it  a  fecret,  which  has  not  till  the  prefent  occafion  been  divulged. 
This  wafhing  renders  the  cotton  more  flexible;  the  goods  made 
from  it  are  of  a  clofer  and  more  even  texture ;  the  cotton  does 
not  require  any  fubfequent  bleaching,  and  when  it  comes  a^ 
terward^  to  be  dyed,  it  takes  a  finer,  more  permanent  and  more 
uniform  colour.     The  operation  is  performed  with  foap,  water 
and  ftrong  leys,  in  the  following  manner: 

The  articles  to  be  walhed,  which  ufually  conlifl  of  thread, 
Aockings,  night  caps,  and  handkerchiefs  sre  evenly  difpofed 
in  a  large  veflel  or  tub.  The  bottom  of  this  veflel  is  firft  co- 
vered with  a  coarfe  linen  cloth,  upon  which  are  laid  firi\  the 
handkerchiefs,  afterwards  the  flock ings  and  night-caps,  aii4 
laftly  the  thread*  The  whole  is  then  covered  with  a  feoond 
ooarfe  cloth  of  a  clofe  texture,  and  very  clean,  which  defendt 
the  mafs  from  the  conta6t  of  the  air.  The  veffel  itfelf  referables 
tbofe  ufed  for  lixiviation  in  the  foap  work  of  Koniholm.  A 
boiler  having  its  diameter  at  the  top  1|  Swedifh  ell  (forty 
inches)  and  at  the  bottom  1}  ell  (34  inches)  and  its  depth  one 
ell  (27.  inches)  is  filled  with  water  to  which  a  fufficient  qoan« 
tity  of  cauftic  leys  of  potafh  is  added  to  ibake  the  fluid  produce 
a  g^eafy  feel  between  the  fingers,  and  afterwards  2lbs.  of 
fliced  foap  of  Rigeniburg.  This  liquid  is  tnade  to  boil  and 
poured  upon  the  cotton;  a  (hort  time  after  which  it  is  drawn 
off,  to  be  again  heated,  during  which  interval  a  hot  folution 
of  foap  is  continually  poured  upon  the  cotton.  Thefe  oper- 
ations are  repeated  for  four  or  fix  hours,  or  until  the  cotton  is 
well  foaked,  and  very  hot.  It  is  then  left  to  fleep  for  twenty- 
four  hours  in  foap-water.  This  procefs  is  ufually  performed 
between  midnight  and  fix  in  the  morning ;  and  the  next  morn- 
ing the  fluid  is  drawn  off,  the  cotton  well  wafbed  and  the 
water  prefled  out  by  a  fcrew-prefs.  This  conftitules  the  flril. 
wafhing. 

After  the  cotton  has  been  well  clean  fed  in  this  manner,  the 
•principal  wafhing  is  eflfeded  as  follows: 

The  wafhed  cotton  is  difpofed  in  the  veflel  as  before,  witir 
this  difference  only,  that  the  mafs  is  enveloped  in  cotton  cloth 
inflead  of  linen,  which  islefs  capable  of  reflfting  the  adion  of 
the  caaflic  k>ys.    A  clear,  aod  colourlefs  ley  is  prepared  with 

two 


Sittbsn  two  Ihirds  wood  aflie<  and  one  Iliird  lime,  3nd  cnocentnleil 

W^fnf  tot-     ""'''  *"  *Bg  dpfcendi  (lowly  in  it  (fpecific  gravity  about  1 .09 1 ). . 

loaUuad,  Ac.    Thi<  ley  in   a  boiliri);  (tale  is  poured  upou  (he  rMlun )  «ficf ; 

which   it  is  drawn  off,  again   heated,  and  again  poifr«d  otif 

and  this  repelltion  it  conlioued  Ciom  midnighl  lo  noon,  or  tor 

^^  twelve  haan.     The  whoie  of  the  ley  is  ihen  drawn  off",  nndi 

^^H  the  cotton  (alien  out  of  !hc  vefTf  I  white   hot,    with    llie  hvidr 

^^H  defended  by  gloves,   and  after  fpreading  it  upon  a  lablc,  it    ir' 

^^H  'K*'"  I""  '^'^  ''"^  vefle],  bul  in  a  reverted  nrder.      The  fam* 

^^^P  wathing  h  repealed  with  other  leyt  and  continued  for  iMrenly- 

^^^P  four  hours. 

^^B  LaOIy,  Ilie  boiler  is  filled  wilh  water,  lo  which  2lbt.  of  foap. 

r  srcadded,  and  the  liquid  brought  lo  the  boiling  heat, 

I  cotton  is  wafhed  with  Ihi.  water,  conftanlly  kept  boiling  for 

I  twenty  hour*,  and  is  afterwards  left  to  fteep  for  ten  or  eleven 

hours.      The  fluid  is  then  drawn  off",  tbe  collon  taken  out  of 

'  the  velTel.  and  fpread  on  a    long  wooden  (able,   where  it  ■• 

uraflied   and   beetled,    and    aflerwardi  walhed    in    a    running 

water.     Laflly,  the  water  is  prelTed  out  by  mean*  of  a  prefi^' 

and  the  cotton  dried  upon  flaves  in  the  fun,  or  in  damp  weather* 

L  in  a  room  appropriated  lo  that  purpofa. 

^^H  The  remaining   leys  after  ihefe  waftiingc  eannot  be  afed  a 

^^^B  fecond  time,  but  harca  blood-red  colour  ;  they  are  mixed  !<>• 

^^H  gelher,  and  ate  ufed  in  the  common  operations  of  the  laundry. 

^^^B  The  foap  waters  arc  thrown  away. 

^^H  The  flavcs  on  which  the  cotton  is  fufpended  muff  be  walbed 

^^^^1  every  time.      Ii  is  prcltirable,  when    the  weather  permitt,  lo 

^^^  fufpend  each  piece  by  tiireads  and  ftretched  cords  in  the  open 

air.     The  pieces  ought  not  to  be  hrouglil  loo  near  togedier,  for 

fear  left  the  places  to  wliich  tbe  ait  has  not  free  acCefi  fiioald 

be  fpolled  wilh  brown  Ipots. 

I  Piece  goods  and   law  linen  thread  wil!  receive  a  partn) 

I  bleaching  by  this  melliod.     It  is  neceflary  however  to  maks 

I  the  leys  of  only  half  the   ffrenglh,  and  the  liKiviation  muA  b« 

[  continued  only  half  the  time,  for  fear  of  weakening  the  leK> 

'  lure. 

'  Linen  and  cotton  as  vegetable  fubAancet  have  Ihe  defaA  «f ' 

not  taking  fixed  colours.  The  caufe  lefide*  in  their  refinoui 
principle,  of  which  they  ruuft  be  deprived.  Alcohol  wovld 
be  a  furs  and  eafy  folvent  for  this  principle,  but  it  U  tooex- 
penfive.     After  alcohol.  Ihe  beit  folvenU  of  IhU  priDdpIe  «• 
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oiti  of  every  dercription,  but  parlicularlyliib  oil.  The  cot- 
ion  ii  fuaked  in  thU  oil  fur  24-  houra,  after  bavins  again  boiled 
il  for  two  liouri :  it  h  then  run  and  fufpended  in  [he  air  for 
fotne  days,  ^n  order  that  the  oil  may  be  well  ft-parated,  and  it 
»  entirely  deprived  of  the  oil  by  a  flrong  hot  ley  willi  fubfu- 
quent  wafhing  and  drying.  Foi  this  cfTtCl  a  ley  of  two  thirds 
allies  and  one  ihirtl  lime  may  be  uftd,  with  the  fame  quantity 
(>r  lliecps  dung  as  of  both  the  before-mentioned  ingredients. 
T^e  cotton  U  not  only  boiled  in  this  mixture,  but  it  ii  alfo 
applied  feveral  fucceflive  Lime;);  the  goods  being  walhcd  in 
clear  water  between  each  lixivialion.  The  cotton  thread  may 
alfo  be  wathed  in  water  containing  a  futHcient  quantity  of  pot- 
alti  lu  render  it  greafy  to  the  feel.  The  thread  is  to  be  boiled 
fur  twelve  hours  in  this  ley,  or  till  the  fluid  becomes  black. 
Lallly,  the  thread  is  wafhed  and  Jleeped  in  water  acidulated 
with  weakly  fulphuric  acid,  it  is  to  be  taken  out  of  Ibis  fluid 
after  remaining  in  it  at  leaJt  an  hour,  and  then  wallied  and 
dried. 

If  this  method  of  bleaching  were  once  generally  known, 
it  would  not  be  neceflary  to  purchafe  the  article  of  the  bleai  her. 
or  to  fend  cotton  to  them  to  be  bleached.  Id  order  to  afcer- 
tain  whether  cotton  bleached  in  any  manner  whatever  is  per* 
feaiy  dupfived  of  its  refin,  and  proper  to  receive  the  dye,  the 
frlaft  is  to  be  filled  with  water,  and  a  thread  of  the  cotton 
placed  on  the  edge  of  the  glafs.  To  that  halt  its  length  fhall  be 
within  and  half  without.  If  the  former  end  finks  in  the  water 
and  ibe  whole  thread  a£ls  as  a  fyphon,  by  cauGng  it  to  run 
vver,  it  wilt  be  a  proof  that  the  cotton  will  have  the  requiflta 
purity. 

The  cotton  thus  purified  muft  pafs  through  three  mordants :  Red  ijt  fiw 
I.  A  decoflion  of  nut-galls.      2.  A  folulion  of  tin;  and  3.™"°"' 
Klum  water. 

For  the  decofliou  of  nut-gall.  For  lib,  of  cotton  or  linen 
(hread.  For  the  former  half  a  pound  of  the  dark  coloured 
nut-gall,  or  for  the  latter  lib.  is  taken.  The  nut-gall  is  grnfsly 
pounded  and  boiled  with  a  handful  of  birch  leaves  in  a  copper 
boileri  with  two  and  half  pots  of  rain  water  till  reduced  to 
one  half.  The  lii|uid  being  left  to  fettle  and  poured  while  yet 
bat  through  a  cloth  on  the  cotton,  this  is  fuflered  to  deep  for 
2i  hours,  frequently  working  or  prcfTing,  in  order  that  it  may 
be  aiiivurfaily  penetrated  with  (hegalltngprinciple.  Itisthea 
.    Vol.  X.— Fbbruarv,  IB05.  K  lakcn 
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I«k*n  e>it,  rjng,  anH  dried  by  flirpcnding  il  in  th«  open  wt. 
»r  III  a  heated  ^-hainlwr.      It  it   ne«lfii1  aniy  10  Islcc  rsre  that 
no  water  (hall  drop  upon  ihe  cotlon,  as  tliat  would  prodme 
(jjoli  in  (ho  dye.      In  Ihis  operation  the  thread  inuft  be  clofely 
ptckeil  together,  in  order  that  (lie  nut-j;all  may  uniforml)'  pe- 
netrate iti  niafs.     It  is  tiicii  amveyed  into  a   foliltion   of  tin, 
niadfi  41   hereafter  defcribed,  and    the   dei'oflion  of  nnl>gali 
muftbe  kept  to  be  ufed   in  the  aluming.     The  folulion   of  tin 
is  prepared  in  tbe  following  manner:  Sal  ammoniac  or  Tea 
in  line  powder  In  to  be  ilitlblved  to  faturalion  in  111 
feili*;  2oz.  of  fine  En^liih  tin  rafpcd,  are  added  to  lbi>,  1 
ai  inueh  ot'  tlie  nielal  as  ihc  acid  can  dillulve  to  fahtratiun.   I 
iUiolher  v^m.   2  oz.  of  rea-falt  are  lo  be  dilTulved  ii 
of  rain  water,  and  the  fulurion  of  lin  l«  lo  be  poiired  drop  I 
drop  with  cotilinual  agitation  into  tliis  talt  waler.     The  gafll 
lliruad  i»afierward«  puiinio  a  Hone  war«re<1bl,  oloiel]'  p' 
iogelhef,  and  the   taft  mentioned  mixture  poured  Ihcr 
The  thread  mull  be  occafionally  comprelTed  with  the  hand,  I 
VtdcFlo^ffiftlhepenelrarion,  and  it  muft  then  be  covered  fl 
the  air  and  left  lo  Deep  for  twenty-four  hour<,  at  the  t 
which  (imo  it  ittaken  out.  rung  and  dried  in  Ibe  air  <H 
healfcd  room,  where  it  may  ren^ain  for  -^S  hour«.     After  d 
ttik  nallied  in  pure  water  again,  dried,  and  emeifM  Ji 
oJum-wiUer,  ot  which  we  fliaH  proceed  to  defcribe  the  ( 
poll  lion, 

'  The  lemaining  fohition  of  lin  ii  referved  for  a  fubfeq 
■pojAlton,  for  which,  in  ihul  cafet  no  niorethan  Ihree  quarll 
«f  a  poitiK]  of  aqua.roilis  and  the  olher  ingredient 
lion,  need  be  taken  fur  lib.  of  thread. 

The  alum  waler  i<;  mnde  ai  fblinwi:  Whatever  my  be  tl 
kind  of  alum,  il  mud  be  previoufly  calcinetf.     One  poundfl 
the  crude  aluni  is  required  for  I  lb.  ol  thread.     When  itipt 
eined  ilis  pulveriwd  anddilTuIvedin  one  pint  or  En^liOi  (| 
of  water,  and  ratlier  more  Uian  an  etinal  meafure  of  !' 
Kiaining  docoSion  of  nuUgall  is  added.     Thefc  being  « 
mixed  andheMed,  are  lo  be  poured  on  ihe  thread.  <     ~  ~ 
been  heated  as  before  with  ihe  folulion  uf  tin.     It  il  left><4 
fourteen  linur*  in  this  bath  and  afterwards  prellM  and-dj* 

Thedying  lib.  of  good  bruifed  or  groutid  madclBi 
oufly  foaked  for  fbtne  Itours. in  waler,  isputinloab 
loficient  ii:te,  wliich  is  lo  be  Ailed  vrith  waler  and'  flaoet^ 
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ft  moderate  (ire.  At  Toor)  H  the  onlents  begin  (o  heal,  (he  ^eiij*  ft 
ftread  U  pul  in  and  continually  turned,  II  iirequiCle  that  the""""" 
thread  fliould  havfe  been  prcviouily  Keeped  in  waler,  and  af- 
WrwardsAiung,  in  ordef  lliai  ilina)  be  verj' equal Ij  penetrated 
ivith  the  colour.  The  llirertd  ii  lefl  in  the  balh  till  (he  liquor 
£<i?li,  after  which  it  h  taken  ouf,  well  walhcd,  the  threads  are 
irnhiged  on  ihti  hand,  and  the  water  prelTed  oot.  This  firft 
dje'atg  gives  the  thread  a  pale  red  colour.  The  boiler  ii  then 
jimptied  and  again  filled  with  4a(er,  into  which  artother  pound 
«r  maiHtet  previoully  foalced  in  waler  i;  put,  and  ihii  bath  is 
heated.  An  foon  a;  ii  hds  become  hoi,  the  thread  is  put  in  ani) 
bcnled  for  one  quarter  of  an  hoijr.  Care  mull  be  taken  that 
Ihe  healbenottoortrong.  The  (irft  balh  Ibould  fcarcelj  boil. 
fat  feat  the  articles  (lioulil  take  a  brown  colour ;  but  this  incon* 
ttinience  ii  not  to  be  feared  in  the  fecond  balh,  when  the  thread 
it  already  penetrated  with  a  red  colour.  After  the  thread  ii 
Well  Wafhed  fur  the  fecond  time,  it  ought  to  have  a  deep 
brown  colour;  if  it  ha<  not  it  mud  be  again  baited  with  a 
tfainerof  a  pound  of  madder.  After  the  lafl  dye,  the  thread 
h  to  be  waflied  by  hand  in  hoi  fnap  waler,  after  having  waflied 
it  m  cold  water,  and  it  is  ihcn  to  be  dried. 
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Rtad  to  the  Society  qf  Pharmacy  by  BovLt,ATt,* 


Being  charged,  in  eonjunflion  with  M.  M,  Cltiiel  api 
{^omet,  to  give  an  account  to  ihc  Society  of  an  tntereAjDg 
phenomenon  announced  by  At.  Kind,  id  Tmmmjdarff'ijourmtt 
de  Fharmacie.  extracted  and  reported  in  the  IHh  number  of 
the  Jourml  de  P\nftquc  et  de  Chtnie,  publilhed  by  Von  Mttnt,  I 
now  inform  tlicm  o(  ihe  refult  of  our  labours, 

"  For  the  purpofe  of  procuring  the  arthritic  liquor  of  Pott.M,  Ki 
which  is  prefi-ribi^j  here  with  advantage,  for  refotving  the  n*  ^^"" 
(foGiies  and  vlhei  obllinaie  tumours  which  form  upon  thejointt.of  cim 
I  intended,"  fays  M.  Kind,  "  to  incorporate  the  muriatic  fa*!^""!," 

'  Fiem  Annalci  di  Ctiiinitf  Fruflidar,  No-  19X  Vol.  LI,        pa, 
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iviih  oil  of  tuipcntine,  at  the  inflant  uf  (lie  difengsgemeiaLot 
the  g3t.     Thit  operation  diuwcd  me  a  phenomcDOO  whicb,.  J^  - 
aDi  ul'  ophiiuti,  is  dererviiig  ai  being  known. 

"  1  pill  decrepitated  muriate  of  I'uda  into  a  tubulated  r< 
I  adapted  two  uf  Woulf  s  bolLles  lo  the  retort,  into  whict^  ) 
had  put  a  quantity  of  oil  of  turpentine,  e<|ual  in  weight  lo  d 
fall.     On  this  1  poured  half  the  proportion  of  concentra 
fulpliuric  acid,  and  I  difengaged  the  muriatic  gax  by  a 
atcd  lire.     At  tird  tlieod  acquired  a  yellow  colour,  afterwai 
a  pale  brown  colour,  which,  towards  ihc  end  turned  to  a  dai 
brown.     After  cooling,  the  liquor  was  almoli  wliolly  o 
laled  into  a  cryflalline  raafu,  which,  in  every  refped, 
ported  ilfelf  like  caniphor. 

"  I  do  not  think,"  fays  M.  Kind,  "thatafimilarprodut 
of  camphor  has  ever  been  noticed  before;  but  Meyer  fpo 
of  a  concretion  of  a  camphoric  nature,  formed  in  oil  of  ^ 
penllne  digejled  with  dry  cauflic  fall."  He  afterward*  § 
Aances  a  formation  of  camphor  obferved  by  the 
TrommfdorC  on  diflilling  efTential  oils  on  lime.  *'  It  »  pro- 
bable," fays  M.  Kind,  "  that  tlie  great  tendency  uf  muriatic 
gas  [0  combine  with  water,  determined  the  union  of  the  pnn- 
ciples  of  this  liquid  contained  in  the  oil,  fo  lliat  the  carbcm  be- 
came predominant,  and  made  the  oil  brown  ;  andi  UiM  the  ef- 
fefl  of  thisacidgas  on  ii|  correfpondcii  with  that  obferved  by 
Achard,  in  the  aflion  of  concentrated  fulphuric  acid  on  fat 
oils.  He  did  not  remark  that  the  heat  was  as  conGderafale  du- 
ring the  aflion  of  the  gaj  as  Woulf  dated  it  lo  Iw," 

Irtan  additional  note,  M.TrommfdorlT  announce*  that  lie 
had  repeated  M.  Kind's  experiment,  and  that  he  had  obtained 
analogous  rcfults. 

He  dried  the  concrete  matter  belwei 
became  very  while,  femi-lrHiifparent,  : 
lowing  properties: 

"  Hi  odour  was  ftrong,  Tcry  analogoe 
but  injured  by  that  of  the  turpentine. 

'■  Placed  in  a  filver  fpoon,  and  heated  over/ed  hot  coalr,  it 
volatilized  without  leaving  any  relidue,  and  yielding  a  flrong 
fmell  of  camphor. 

"  It!  vapour  inflamed. 

"  Expoled  to  a  geolle  heal,  in  a  fmalJ  phial,  it  was  (tnfirdy 
•..fuhliincd.     It  dilTolved  with  facility  in  oil  of  almondi. 

It 


■n  (liecis  of  paper;  ft 
ind  polTeired  the  fol- 


s  lo  that  of  camphor. 
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:  entirely  dilTotved  by  Blcohn),  but  not  To  newly  as 
mphor,  ai(d  was  precipiUted  analteted  by  water. 

"  Concentrated  nilric  acid  affefled  its  folution,  at  fird  lr»n. 
quilty,  but  aflerwards  witli  a  difengagement  of  nitrous  gaj  and 
heal.  Tlie  mixture  became  turbid  by  the  addition  of  water, 
but  did  not  dcpolii  camphor." 

He  concludes  ftom  ihefe  experiments  Itial  Ibis  produft  cora- 
porled  iirclf  exadlly  like  camphor,  except  wiUi  the  nilric  acidj 
but  he  believes  that  ihli  dilTerence  may  depend  on  a  fniall. 
quantity  of  muriatic  acid,  or  a  lilllc  oil  of  lurpenline,  from' 
which  it  is  verydifficull  Id  free  il  entirely. 

M.  Trommfdorff  afierwards  difengaged  the  gas  From  a 
({uantiiy  of  muriate  of  foila  equal  to  that  employed  in  the  firf) 
eitperimenl,  ihrough  tiie  matter  remaining  in  the  bottle;  bul 
he  found  that  tnftead  of  augmenting,  Die  camphorizcd  part 
diminiflied  in  quantity,  loll  its  camphoric  odour,  and  lite  alier- 
stion  of  its  other  properties  induced  ihischemid  to  believe  ihat 
the  new  addition  of  gas  had  caufcd  it  lo  undergo  a  decompo- 
fiiiot,. 

The  above  experimenti,  repealed  with  Ihe  greateft  alien-  Rtpetit' 
tion,  gave  us  falisfaflory  refulls,  even  wilh  the  difTcrcul  fpe- ' 
cies  of  oil  of  turpentine  of  commerce.  i 

The  importance  of  the  fubjefl,  and  the  objefllom  made  by 
fume  members,  at  the  readmg  of  the  obfervation  which  lead 
lo  ihii  report,  made  us  fenfible  how  much  the  labours  of  M. 
Kind  Idi  lo  be  wjilied  for;  the  qiianliliet  of  Ihe  prodiid  alfo 
nnt  being  indicated,  we  thought  we  thould  accomplilli  the  in- 
tention  of  the  Sijciely,  in  following  ihe  track  maiked  out  by 
the  author,  if  we  endeavoureil  to  add  fome  fa^<  lu  ihofe  he 
has  publilhed,  and  we  propofed  the  following  quellioiis  fui  our 
guidance. 

til.  Does  the  gazeous  muriatic  acid  ferve  to  determine  ihe  (lueilioii  'o' 
rB.3^lon  of  the  principles  of  ihe  oil  of  turpentine,  and  lo  change  '"      »"*"• 
their  propnriion,  to  form  ihe  eamphor;  or,  i:  lis  aAlon  limited 
to  ihfulaiin^this  immediate  principle,  from  the  oil  with  which 
it  was  nol  combined  } 

2nd.  WIml  is  ihe  quantity  of  the  camphoric  produft  ? 

3rd,  Will  a  greater  quantity  of  the  gas  than  thai  indicated 
by  M.  Kind  add  to  the  produa,  or  will  it  deOroy  il> 

4th.  Will  another  quantity  of  gai  added  lo  the  liquor  which 
lias  yielded  the  camphor,  and  from  which  it  hat  been  fcparaied, 
dWermine  a  new  loripalion  of  lliis  principle  in  it  ? 

5ih.Whal 
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Sl}t.  Wliat  f  "i"  bcfi  mf«i»  of  putiryiitg  thit  ompbor. 
Mid  of  freeing  it  f^om  the  odour  which  it  retain*  i 

^It*.  What  are  the  relatioiu  and  difierences  between  AmJ 
purilied  camphor  of  turpentine,  and  that  of  the  camphond 
laurel  i  4 

Tlh.  Would  liquid  muriatic  acid  produce  tlie  fame  eftefl  Ji 

Bib.  Would  the  otliei  aciJ*  a£i  in  the  faue  mannei  on  itiis 
oily  fobflance  f 

The  complete  folution  of  tliefe  different  qucflioni  would 
doubtlefi  have  required  a  great  number  of  experiments,  lo 
which  we  were  unable  to  attend;  wc  ihall  only  relate  lhor« 
tyhtch  we  made. 

Wiih  a  view  to  obtain  a  more  confiderable  produfi,  wbicli 
would  yield  us  the  concrete  mailer  in  a  quantit)>  iulBcieol  to 
be  afcerUined  and  fubjoAed  lo  different  expetimentK,  ws  pre- 
pared an  appara'uttiruilar  lo  that  ufed  by  the  author  of  thedtf^ 
cQvery,  but  of  brger  dimenlion«.  It  conlided  of  a  tubulated 
retort,  and  two  Woulf's  boHliis,  provided  with  their  labei  9(- 
communication  and  falety.  Four  pound;  of  marine  fait,  atxl 
two  pounds  of  concentrated  fulphuric  acid  were  introduced 
into  the  retort  j  four  pounds  of  very  white  oil  of  lurpenline 
were  poured  into  the  lirl)  bottlci  and  two  pounds  of  diflillci^ 
water  into  the  fecond.  Fire  was  placed  under  the 
and  augmented  gradually  till  ihe  entire  difen^gemenl  of 
Aliihegiswii  muriatic  acid  gas,  which  was  totally  abfoibed  by  the  oiL 
■bfeiM.  tatter  exhibited  the  following  phenomena;   it  became  at  ^4 

SlT^  of  a  citron  colour,  and  afterwards  brownilli,  which  grewgn* 

dually  darker  towards  the  end  ol  the  operation  j  it  retained  )1« 
^anfparency;  it  grew  very  hot;  ili  volume  augmented  about 
^  tenth;  ihe  fides  of  the  bottle  were  coveted  with  fmall  lim* 
pid  drops  which  united  flowjy  at  il(  bottom,  in  the  form  of  ^ 

thick  oil 

CryfK»mn»  pra-     Left  to  ilfelf  for  tW?nly-four  hourt,  it  formed  a  mafs  of  ir*. 

dud  by  rcpcfc.  rfgularcryflal',  from  which  ran  a  brownliquid.  Whendriqii 
and  ilrongly  prefled  between  (heels  of  paper,  this  cryllallin* 
matter  was  very  white,  and  of  a  peculiar  odour,  participating 
of  the  chI  and  the  acid  made  ufe  of  j  it  weighed  twenly.f6ar 
9iincei- 

M™eerytWi         The  liquor  w-bich  had  been  fc  pa  rated  from  th^fe  cryOal*, 

fcjr  cold,  ^xfofed  in  a  cellar  for  feveral  days,  yielded  others,  which  dried 

14;  Ih;  &iR,  w.cr«  of  ^quf(l  Mthitend*,  and  weighed  fom,  im 
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To  ifccruin  whelher  there  did  not  yel  exifl  »  further  <in«ni 
tfly  of  this  concreie  mailer  ready  forrbed,  in  this  fort  of  molher- 
waler  of  camphor,  it  was  etpofed  lo  an  artificial  cold  of  ei^hl 
or  ten  deforces  Iwlnw  0,  during  feveral  hoors.     By  this  mean!  Sntmnd  h»if 
i(  yielded  othw  cryflals,  which,  collcfled  tike  the  preceding. ^•^°'^™'^ 
offered  the  fame  charaflert,  and  weighed  two  ounees;  thiiofoLigf  niptiu 
brings  the  quantity  of  camphor  lo  feven  ounces  and  a  half  for"°^ 
each  pound  of  oil  of  turpentine. 

This  h'quor,  not  appearing  capable  of  yielding  morC  c/y- *^'"<!"<l'''M« 
ftali,  wai  divided  into  two  portions,  one  of  which  was  re- in  ibt  reWuil ' 
fcrved  for  examination  in  thit  (late,  (he  other  was  fubjefled  lo^uar. 
the  a61ion  of  a  new  qaantily  of  acid  gas ;  it  dilToUed  a  part  of 
it,  and  became  almotl  black,  without  lofing  its  Iranfparence, 
eren  after  remaining  for  feverat  days  In  the  cellar. 

Another  dofv  of  oil  of  turpentine  was  charged  with  a  pro-  Double  foaaJiv 
portion  of  ga*,  double  that  mentioned  above.     The  precipi- "^ *"■  J 

taliun  of  camphor  toolc  place  in  nearly  a  litnilaT  qnantiiy ;  the  I 

Irqaor  was  very  little  more  coloured,  bat  a  much  greater  quitn* 
tily  of  fat  oil  wai  formed. 

An  ounce  of  this  matter  wafhed  in  dlftilled  water,  ami  put  Aaion  afjlt. 
in  a  filler  to  drain,  became  of  the  mofi  beautiful  whke;  it  no*!'!*^'"'?'^  , 
longer  gave  dgns  of  acidity,  but  had  flill  an  odour  of  tur'pen- 
linc*.     The  water  in  which  it  had  been  walhed  was  very  aro-  fl 

maiic;  il  reddenedthelinflureof  lurnfole,  and  precipiiaied  by  m 

nitrate  of  lilver. 

An  eqoal  quantity  of  tlie  fame  fubftance  waj  wathed  w1lh"»|'"'*»*»'      ^ 
water  impregnated  with  a  lifiieth  part  of  anfaturtted  carbo- "Iboiww  at 
nale  of  polafh  :  it  loft  much  of  its  firfl  odour,  pouA. 

New  portions  of  this  rough  camphor  were  mixetf  in  eqUdlA^'O" 'f  <bt>r- 
partt,  one  with  charcoal  in  powder,  «no<her  witH  Ver/ dryj"/,^';!^'  ^ 
alttes,  «  third  with  quick-lime,  a  fourth  with  atunline  fpofce-iununt. 
lain  enrth),  and  were  introduced  feparaiely  into  fmalt  gl»f» 
afembics,  the  capitals  of  which  were,  by  a  gentle  heat,  ra. 
pidly  covered  with  didinfl  groupes,  compofed'of  a<  iholtiludtf 
of  fmalt  needle-formed  ciyOals,    diverging   from    Ctle   finie  ' 

center. 

Purified  in  thii  manner,  ir  entirely  loft  the  odour  of  olt  ofOtkfprtftntct. 
turpentine;  that  which  it  retained  was  mure analogouC  lo  cotd- 
iDon  camphor,  but  not  To  fltong.     fn  ibis  Rate  irfwitb*  on 
water,  to  which  it  communioates  its  laflei  it  burns  on  its- fur- 
Ace.  without  expeiiencing  the  tevglvity^  motion  (Served  by  , 
ft.  -  -.  A  Profeflor' 


d 


us  AKTtttCtAt.   CAMFMOK. 

Tiofti&ti  Venturi.  The  aii1>  molion  vre  obferved  was  llie  ra 
fult  of  tile  molecular  attraction,  whidi  tleteimincd  a  great 
number  of  tlie  fragment;  clifperfcd  over  ihe  furfBce  of  U 
water  lo  collefl  in  one  point. 

bblublem  It  is  wholly  and  readily  dilToIved  in  alcoliol,  from  whi 

alcohol.  water  feparalesit  unaltered. 

Aaim  or  dibti      Nitric  acid,  at  tliirly  degree;  of  Bcaumi's  areometer,  poura 

BiKk  104.  on  (his  new  camphor,  had  no  aflinji  on  it,  even  after  fev 

days  of  conlafl;  although  the  fame  acid  difliilves  ihi;  cnmi 
camphor  with  the  greatefl  laciiiiy,  becoming  covered  will 
oily  flralum,  and  water  precipitates  pure  camphor  from  tl.  j 

Of  toDieiitrHcii      Very  coneenlraled  niiric  acid  had  not,  at  fiift,  any  aflion 

Biiiit  Hid.         f,yr  camplior;  hoi  after  a.  few  fecondi  the  fol-Jtion  is  effefli 
and  at  the  fame  time  a  difcngageiiient  of  nitrous  gas  is  i 
felted;  water  rendered  this  fulution  very  (lightly  turbid, 
fame  acid,  on  the  contrary,  diflblvcd  liie  camplior  of  the  (bo| 
rapidlyt  diffufing  white  vapours.     Tiii;  folution  inok  a 
liful  fire^red  colour,  and  water  feparated  pure  camphor  ftoi^ 
in  flocks. 

Itk  iMtdir-  Neither  did  acetic  acid,  which  perfeftly  dilToIvcs  the  ti  . 

W»»d  \j  ta'oe  ^^^f^  camphor,  eFea  the  folution  of  tliis.  By  heat,  it  fofteiM 
and  feemed  to  dilTolve ;  but  on  cooling,  it  was  wholly  colIeP' 
on  the  furface  of  the  liquid,  with  all  its  propertie 

We  afterwards  examined  the  liquor  called  lhewi>(A«r-ua( 
of  camphor. 

fWjtt}  tnrei-      This  brown  tranfparenl  liquor,  lighter  than  water,  f 

tiii  «f  ihe  ifjan  alcohol,  fuming  by  contaft  of  the  air,  of  a  peculiar  odo^ 

FHutiucil.  '    f'*^<n  above  a  thick  reddifti  oil,  the  fmall  quantity  of  w 

obliged  us  lo  neglect  the  examination  of  ii.»     The  lafieof  this" 
mother-water  was  iliarp;  it  did  not  mix  with  water,  nor  yield 
its  acid  10  it.     Agitated  in  this  liquid,  its  parliclet  remained 
difperfed  for  a  long  lime,  before  they  collefled  on  its  furface. 

Satubltlndca.       Alcohol  and  ether  UilTolved  it  completely ;  but  the  addition 

bal  inil  ether,     ^f  ^^g,^,  feparated  Ihem. 

Iwlintn'hlt  Inflamed  in  a  capfule,  it  burns  without  a  rcfidue,  difFufing  \.— 

confiderable  quantity  of  very  odorours  fmoke. 

AQion  of  IkL-       Conceptiaied  fulpburic  acid  poured  into  llii!i  liquor,  blao^ 

fbuiicicid,       ened   it,  and  difengaged  from  it  fome  vapours,  and  i 
(Irong  odour  of  gazeous  muriatic  acid. 

•  We  only  ifcertaintd  its  folubility  in  alcohol  and  fulphuti*  rt 
tni  iu  infolubility  in  wutr, 

'  A  Mm 
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A  IblotEoti  of  crydalliwil  carbonale  of  foda  produced  a  fllglil  '^t^^'**'"** 
cflcrvefcenee  in  it,  difcvlouied  it,  rendered  it  ligliler,  and 
formed  muriate  of  foda. 

This  tnurialcd  oil,  diflilled  to  drynefs  in  a  fuifable  appara.  Pfodueifcjiw 
(US  yielded  fome  mu.ialic  gas,  fome  drops  of  thick  oil.  fimiUr  *''*"'«^ 
to  that  tnenlioned  above,  a  very  light  and  very  contbuftible 
perfumed  liquid,  which  comporled  ilfelf  wiih  water,  alcohol,  M 

folphuric  acid,  and  foda,  in  ilie  fame  manlier  as  before  diRil-  it 

latiun;   there  wai  only  lefi  muriatic  acid  in  il.     The  tefidue  J 

was  a  black  matter,  glutinoui  like  pitch,  dilTolving  imperreSIy  *• 

in  alcohol,  and  yielding  murialic  acid  to  water.  _^ 

We  after  ward*  made  a  mixture  of  equal  parts  nf  oil  of  tur- Mutual  iQiniiP 
penline  and  muriatic  acid  3125".  We  agitated  il  from  ''">«  •""p/'^  u"^^*** 
lime,  and  then  left  It  for  feveral  days.  The  oil  took  a  reddifli  add  projucci  a 
brown  colour,  llie  acid  alfo  became  reddifti :  both  of  iKem  f"""!"" 
prtferved  their  tranfparence,  and  at  the  point  of  conlaf)  oftwiy. 
tliefe  two  litjuids,  was  perceived  a  coiicrele  flraium,  having 
feveral  of  the  properties  of  camphor,  but  its  quantity  wai  fo 
fmail  that  we  were  obliged  to  neglefl  it, 

A  I'afl  of  this  kind  ij  to  be  met  with  in  the  tranflatian  Pievloui 
ofihe  Chemical  Recreations  of  Jlfoi/c-/,  publilhed  in  mi.  byj"r=^°' 
M.  Purnunlicr. 

This  philofopher  exprcfTes  liimfeir  a'  follows,  in  page  WO 
of  the  lirfl  volume  of  this  Iranllalion,  in  the  additinni  which  be 
bai  made  to  it: 

"  A  very  curious  and  very  interefling  obfervalion  to  natural 
philofophy  and  chemiftry.  in,  that  M.  Margei,  furgeon,  in  a 
work,  tlie  object  of  which  ii  the  examination  and  chemical 
analyfi^  of  different  medicaments'*,  fayii,  that  he  ubtainedc 
from  the  digeliion  of  a  mixture  of  fuming  marine  acid  and  oil 
of  turpentine,  fmall  faline  concretions,  which  at  the  end  ofa 
certain  time,  became  more  confiderable,  and  took  the  fifjure 
uf  a  cryflalline  fall,  in  form  of  a  parallelopipcdon,  while  the 
oil  which  fwam  above  them  was  coloured  red,  and  acquired' 
a  very  thick  confidence,  &c. 

It  is  very  probable  ihatihefe  cry (lals  were  the  fame  as  tbofe 
which  were  obtained  in  fuch  great  abundance  from  the  adJon 
of  the  fame  gazeous  acid. 

The  fame  oil  was  faturated  with  oxigenated  muriatic  scld  Cilgenited  n 

lijtic  icld  ga 
•  Parit,  1774.    Second  editiwi.  i!^^'"''"" 
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■  )9S  «Hrrr[ciAL  CAMtnoi 

UMi  it  acquirvd  a  deep  yullnw,  reUmed  iU  (rsnrpuntrs, 
KactRiphR.      )>«came  »  litUe  mute  conlillcnl,  but  did  not  prodocc  any 

c-amphor, 
MfM«fU*        Conoenlrated  fulpliiiric  acid  nflinf;  too  violently  on  ml  of 
fkan««ci4.        turfwniJne,  tliB  decomporitiofi  of  which  it  Tpeedily  etet&t,  we 
node  k  mixiure  of  equal  weif^hts  of  tliis  oil  aitd  fuipliuriv 
«cid  narking  only  40°  of  the  areometer.     The  aAina  was 
confined  to  the  point  of  contafi.  and  was  analogous  to  ttial  of 
liquid  inurixic  acjd. 
SIbw  CAilTitKia      Eight  ounces  of  oil  of  turpentine  were  kept  fur  three  day* 
Bf»Mturp«n.  jj^  ^  glafi  alcmbip,  placed  oti  a  rand-balh,  the  lempeialure  of 
which  wax  maintainied  at  about  forty  degrees  o)  Hcaumir't 
(cbI«>    This  lime  being  elapfed,  w«  found  in  the  recipieol 
near]]'  foui  ounces  oF  a  very  while  and  very  light  volatile  oQ, 
wid  in  the  capital  nuny  fmall  cryliallizationi  of  true  campiior. 
The  oil  remaining  in  the  cucurbit  was  of  an  amber  coloor,  and 
^Mty  much  lliickeiied. 
Affiaosf  mu-        fo  falisfy  flurfelvus   whether  tile  otlier  volatile  oils  wtrald 
ST^I^  Wi*-"  fufn'D"  ramplwr  by  (he  adioa  of  die  muriaiie  gas,  we  Inoir- 
liic  lib.  pMKlcd  tliem  will]  it  in  different  proporlioiu ;  but  did  not  ob- 

tain any  prccipitUiua,     They  berame  very  black,  and  con- 
tained a  great  quantity  of  heavy  oil,  &c. 


Ceocral  rtTulu.  iU.  That  tlic  produftion  of  camphor,  annouitcfd  by  M 
A'i'nd,  i«  uniform  rn  the  propartioTK  be  indicates,  and  of  what' 
eret  foil  the  oil  of  turpcatim  may  be. 

2nd.  That  thecampboHc  product  may  be  eflimated  at  afcoot 
half  the  quantity  of  ibe  oil  employed, 

3(d.  That  a  greater  quantity  of'  the  gas  doc«  not  add 
pnduA.  nor  does  it  deflroy  it, 

4th.  That  this  camphor  may  be  punficd  by  water,  by  alia. 
Una  (blutioijs,  chaiicoel  athn,  quiuk-linic  and  alumine:  aad, 
that  Ittefe  tiiiea  luft  fubftancet  ue    more  cipecially  prefer- 
able. 
'  ith.  That  it  differs  fVom  what  is  eitlrafleJ  iVom  the  camphar* 

iNUiel,  in  il»  laflti,  which  h  not  fo  bitter,  and  in  its  odours 
which  is  left  penetrating;  and)  that  it  prefenU  an  abftdats 
didranc*  in.  ib  mode  of  aftioit  with  ilie  nitric  andi  acelic 
acids,  the  firft  of  which  only  diffolves  it  by  a  reciprocal  de- 
Gompolition. 
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6th.  TiiM,  nolwiibllinding  lh«lc  «lifrerBnce<i,  i(  ii  not  A« 
lefi  B  beaiUifnl  new  Tpecies  of  thin  immeiliate  principle  of 
vegelabiei  to  chemiftt ;  and,  Ihat  it  is  lo  be  wifiied  Ihat  phy- 
ficiani  would  Lry  il,  (o  afcerlaio  whether,  as  there  U  reafon 
to  believe,  its  a&ioa  will  be  (he  fame  on  the  animal  eco- 
nomy. 

7ih.  That,  during  the  operation  Trom  vvhich  this  camphor 
rcfuUi,  Ibere  is  formed  b  (rue  combinalian  of  muriatic  acid 
and  volatile  oil,  having  a  refemblancc  lo  what  (he  and«nU 
CbIW  odd  foapi. 

8th.  Tfaat  liquid  muriatic  acid,  and  dilute  fulpbuiic  acM, 
not  mining  with  oil  of  turpentine,  their  a^n  is  conliDed  to 
th«ir  point  of  contaft. 

9lh,  That  (he  mode  of  aflion  of  the  murialic  ga«,  ]n  tUa 
ciicumflaDCe,  may  be  explained  by  the  elegant  theofy  which 
MM.  Fourcroy  and  Vauquelin  have  given  of  (he  aflioM  «f 
(iilphuric  acid  on  vegetable  fubHancei  in  general. 

lOlb.  That,  oolwithltanding  camphor  is  fet  bet  by  ti» 
flow  diflillaltou  of  oil  of  (urpenline,  without  addition,  we  are 
led  (o  believe  that  (b  large  a  quantity  of  this  matlet  could 
not  cifiR  ready  Tormed  in  it,  and  that  at  leaf)  a  part  is  the 
refuil  of  the  ie-a£lion  of  the  principles  of  tbe  oil,  excited  by 
the  pretence  of  the  acid  gas,  and  its  affinity  for  water. 

Ilth.  Finally,  that  (he  lame  ptocefs  it  not  applicable  to  the 
extradion  of  the  camphor  contained  ia  the  volatile  oili  of 
lavender  and  rofemary. 


IW 


iatefjrom  JosBtu  Hvddabt,  ^.  F.  R.  S.  onth 

Malargtmait  qftht  Moon  at  low  /hUttukt. 

To  Mr.  NICHOLSON. 


Deab  Sir. 

It  wbi  tiot  until  yefterday  that  I  received  your  JouTnafc.Iatradxai^, 
Nos.  36  and  17  :  In  the  farmer,  reading  a  letter  from  C.  L, 
occafioned  my  referring  to  No.  35,  page  le*,  of  the  ioumal, 
for  Mr.  Walker's  leUei  refpsaiog  the  fenfible  magnitude  of 
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^^^^E>  ,  tiw  horizonlal  moon  above  what  tl  liai  !n  the  zenith;  and 

^^^Pi^  --•       therefore  prcrent  you  wiih  the  idea  1  have  eoiertained  upon 

Ihe  fubjefl. 

IKnaterf mag-     J  ant  of  opinion  thai  the  magnilude  of  any  objefl  can  only 

lo  tberneor  the''^c'^'''^*t^('  (^^  '0  fcnlc}  according  to  the  fpace  or  magnitude 

image  oQ  ihe      of  iu  image  upon  the  rciiiia.     The  eye  DiuA  (if  lliia  is  ad- 

"""^  milled),  therefore,  be  llie  fole  caufe  of  the  illufion,  for  ihe 

iDoon'i  apparent  magnitude  increafes  as  ftie  rifes  lowardi  the 

eenitb. 

The ejt  b  form-     The  eye  by  the  power  of  the  mufcles  can,  at  ihe  will  of  the 

«jBoi  only  to     ^ferver.  not  only  be  direded  toward;  the  objeft,  in  order  to 

bai  illD  iti  foul  receive  its  image  upon  the  ufual  part  of  Ihe  reima,  but  acquire 

**^:      -     a  proper  convexity  for  diftinfl  vifion,  or  focus  of  the  refrafled 

ihc  tjt  will  en-  rayi  upon  the  retina ;  and  a!fo  lo  contract  or  extend  the  area 

hrge  the  imip,  ^f  il,^  pupil  according  to  the  quantily  of  lighl.     This  admi- 

■•I*  magnilude  table  property  may  be  obferved  by  every  one  in  palling  out  of 

trauini  ui»I-     a  light  room  in  the  nigiit,  and  alfo  in  Ihe  eyes  of  the  brute 

■tea,  creation  ;  but  I  conceive,  that  while  the  area  of  tite  pupil  h 

enlarged  in  order  lo  receive  a  greater  quanlity  of  lighl,  the 

eye  Ji  protruded,  or  Ihe  focal  diftance  between  the  pupil  and 

ulina  ii  iiicreafed,  which  increafes  the  fenfible  magnitude  of 

I  the  objeO,  as  ihe  image  upon  Ihe  retina  conveys   il   lo  our 

funfes,  when  viewed  by  Ihe  naked  eye.     This  I  diliinguilli 
from  apparent  magnitude,  wliich  we  ufe  when  actually  loea* 
f^rcd  by  an  inlltumeiil. 
Vauiion  of  ihe     THv  variation  in  Ihe  magnilude  of  the  image  upon  Ihe 
pnfll,  orrfthe  i^iiua,  certainly  cannot  ariTe  Irom  the  variations  in  ihedimen- 
bDi,''unn->[      Ii""'  of  the  popil,  *hich  is  contrary  lo  Ihe  law  of  dioptrics; 
»liei  the  iawgf.  (gr,   on  obferving  the   fun,    I  do  not    admit   light  through 
one-twentieth  part  of  the  area  of  the  obje^  g'^*^'  which  is 
S.S  inches  in  diameter,  and  yet  there  is  not  any  difference  ia 
lire  uppnreiit  diameter ;  or,  whether  the  rays  are  admitted  al 
,  the  center  or  any  other  pari  of  the  obie£l-glaf%  Ihe  ohferva- 

ThettMigrfon  »'ons  are  equally  good.  But  I  conCder  it  as  a  natural  confe- 
«f  cbc eye !'> Tgp- quence,  that  tvhen  ihe  pupil  of  the  eye  is  enlarged,  the  focal 
E^wh^wter  'Ji'lance  is  increafed,  and  which  confianlly  arifes  from  adimi- 
the  pvpilUcn-  nution  of  lighl,  even  without  our  aUention  ;  but  thereby  our 
'*'E^>  figlil  is,allil1ed  in  confequence  with  more  light  and  power, 

which  is  fomc  compenfalion. 
■nduthli  tikes     The  light  from  a  ccleftial  objefl  near  the  harixon,  tsdinii* 
pbce  when  the   nlQied  by  palUng  a  long  diftanca  through  a  grofs  atmofplierif  j 
«»«.Ul«ftl«-  ^  ^^^^, 
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beaoe  a  foDfible  enlargement  Ukes  place  in  Ihc  ;noon  is  weB  """•^»^*^ 

as  other  bodies,  which  diminiflies  as  the  altiiade  increafcs,  ^^^  ^ 

and  the  light  kfs  interrupted. 

1  am,  Sir, 

Your  mod  obedlHiff 

J.  HUODART. 
Higkhufy  Terrace,  Jan.  28,  1805. 

xvn. 

A  Memoir  on  Milk  and  the  Ladic  Acid.     By  Cii.  Booilloit 

Lagrange** 

SECTION    I. 
Tkeprejbnt  Slate  of  our  Knowledge  rfjpe&ing  the  Ladic  Acid. 

dcHEElLE  and  Deyeux,  and  Parmentier,  are  the  chemifts  HUbry  of  ci^ 
who  have  mod  contributed  to  our  knowledge  of  the  acid,  of  J[J2^^  "^ 


milk.  ofdifcofcficib 

The  experiments  made  before  the  time  of  thefe  fkilful  phi-  *•• 
lofophers,  are  thofe  of  Hoffman,  Boerhaave,  Romberg,  Geoff- 
roy,  Rouelle  the  younger^  and  Baum^.     But  the  analyfis  of 
animal  matters  was  then  in  fuch  an  iroperfedl  flate,  that  Kttic 
can  be  gathered  from  their  experiments. 

Scheele  diredcd  his  labour^  with  very  different  views.   HisScheck. 
#eilcondu£icd  experiments  led  him  to  determine  the  charaders 
and  properties  of  an  acid  afforded  by  the  ferum  of  milk  But 
not  withdanding  the  labours  of  this  celebrated  man,  we  have 
foroe  fubjeds  of  inquiry  left  for  examination. 

Befides  the  great  number  of  its  faline  compounds,  as  Four-  ItaifetMilkm 
croy  remarks,  which  are  flill  wanting  to  the  fcience,  Lehale  has r.**"'^^* 


*  Annales.  de  Chemie,  No.  150*  vol.  50. 
.  The  author  in  a  note  mentions  hi$  having  learned  on  the  even- 
ing when  hit  Memoir  was  read,  that  Mei&s.  Vauquelin  and  The* 
nard  had  each  been  feparately  employed  on  the  fame  fubjeft  t  and 
on  that  occafion  he  ihen  finds  its  neceffary  to  fay,  that  molt  of  th^ 
experiments  he  defcrlbes,  are  the  refult  of  obfervations  made  by 
feveral  pharmacians,  at  the  fitting  of  the  fociety  of  pharmacy,  the 
fS  Nivofe,  in  the  year  12.  The  verbal  procefs  of  that  day,  (igned 
byPanaentier,  prefident,  and  Deltmel,  fecretary,  of  which  an  ex- 
tiaft  waa  ftnt  to  the  Philomathic  Society,  afcertains  theexperimeats 
lia.lMd  then  made,  and  theobicrvations  of  of  the  feveral  oMmbcrt ' 
of  the  ibcicty  of  Pharmacy. 

aoi 
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ftot  poinlfld  ODi  0\e  ^dion  of  lire  upon  (hii  fEiif,  mr  id  ^OA* 

(anemtt  uUeratmn  inideair,  I  tie  manner  in  which  i<  compoiW 

([reirwitli   the  nitric  acid.  &c.     Il  is  not  koawn  wbedicr  tt 

be  totally  decoropofed  by  this  laO,   or  cunverled  into  Tome 

I  other  acid,  particularly  the  oxalic  acid.     We  are  entirely  nn- 

^^^]  acquainted  will)  ihe  nature  oi  m  compofilion.     Though  I 

^^^B  prereiiis  properties  wiiich  refembie  Ihofe  of  flie  ac^fou*  (t 

^^H  and   lead  to  llie  probability  Ibal  it  nearly  rcfembtes  il; 

^^H  caiyiot  yet  rank  it  with   the   vegctabk  acids.     On   the  C 

^^B  lund,  norliing  decifivc  can  btfriHerted  with  refpeau 

^^|B  mal  nclurer  becaule  no  experiment  lia*  yet  ioiMcaled  Ihe  f 

^^"  Jence  of  azote,  and  it  h  yet  unknown,  whether  il  may  a 

ammonia  in  its  decompnGtion  ;  whether  it  be  putrclciUe,  or 
,  convertible  inia  prullic  acid,  8ic. 

Tbii  general  flaCemeiit  white  il  give*  ui  a  vie<v  of  dttr 
knowlerjgc  of  llie  la^ic  acid  traces,  at  it  i 
cetTiry  to  be  purfuud  in  dctefinining  Ike  place  ivhieh  this  w 
ought  (0  occupy,  as  to  ihoniiniber  ofweUdlabKlhedchc 
fafls. 

SECTION   ir. 

Concct^'Tg  Miik  and  the  cajcoui  Sldlter 
OnmilkiUkiiM     Before  I  proceed  to  defcribe  the  eicperimenU  I  have  made 
cootliiueDi        OB  thii  arlicfe,  it  *ill  be  ufeful  lo  prefvnt  fomc  rcQc^opt 
on  niiit,  and  iisconfiituent  parts, 

Guiton,  in  tlic  Encycloptidie  Methodique,  oflert  two^uef* 
tiont  refpefting  the  exigence  of  an  acid  in  milk.     He  ex> 
preffL-shinifelflhus : 
WhdbcT  whcx      Doc^  t^'c  wliey  tixiA  in  milk  fuch  ai  il  is  fuund  after  tlie  fe- 
cilfUiialr        paralion  of  ihe  other  confliluent  parts  ?  Does  it  man iteil  arid 
'  properties  on  any  other  account,  than  becaiife  it  holds  fait)  in 
fululion,  ak  all  the  analyfes  fuppofc  > 
Milk  oHinoib*        If  whey,  addi  tlic  fame  chein id,  exited  in  millt,  in  lh« 
Mproduced  bj     ji  exhibit!  aftei  the  reparation  of  Ihe  butter  and  cheefe; 
iifMRi.  Ihould  be  able  to  reproduce  milk  by  mixing  thefe  thrW  p'ril 

ctples  again  in  the  fame  proportions.  But  as  ihit  is  ricA  tSt 
cafe,  he  coticludei,  that  whey  is  the  produflf  ofa  true  feioien- 
tation. 

The  examination  of  this  ffrfl  queftion  fuunded  on  experi* 
ment,  ought,  I  thinki  to  prove  thai  it  mtiII  not  be  fuficimt 
to  Ihew  whether  wbey  exitls  in  milk,  that  we  fhould'  mix  tbe- 
tbrce  principle*  in  the  fame  propoiliont,  and  r»- produce- thaT 
Suid ;  fun,  bccaufe  thcfe  principles  aie  so  Ignger  lb«  fane ; 

and 
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mkI  ftcondly,  becauh  vnbey  foTBcd  by  the  ufual  proceft,  i* 
(DOie  tuleli  actd. 

EiptrimtHt  1 .    Recent  mtlk  gives  a  red  colour  to  iha  pap«t  ^'P- 
snd  Ihelinciufeoflurnlole.  "'^''' 

Biftrimeni  'J.  it'  milk  be  dJllillcd  in  clofe  velTaU,  and  ihe^P- 
tVtxiuA  Icparalely  laken,  the  &i&  it  not  acid  j  the  Iccuiid  iiij,tiw7«Ml' 
iedden5  lumfole,  and  fli^hllj'  precipilaies  theniltale  ot'Ulvcr; 
and  the  third  hAi  no  aclion  on  the  tiiifturc.  Al  itiii  period, 
the  ndk  ii  not  )et  dci:onipored,  bul  tlill  redden*  lurnlole.  It 
appears  Hut  ihi:  remaining  acid  is  no  lunger  volatile,  but  it, 
reiAtned  either  by  ibe  animal  matter,  or  by  li^iBij  uUier  fub- 
flaiice.. 

Eiptrimenl  3.     If  milk  be  roagal»led  with  a  mineral  or  ve-  E<P-  V  Whif 
getable  acid,  the  wbejr  it  fepu.'Ucd,  withuul  reuining  a  par-tnej'^ 
tkle  ot  ifie  acid  made  ufe  o).  rcuiu  g 

I  n)uli  iiowever  obfe»ve,  that  foroe  deception  wouUfol- "*"'*' 
low,  if  the  feiuni  only  were  cauminiid,  wbich  is  obtained  by 
tlte  fulpli uric  acid,  or  by  alium,becaulelheprecipiuiea&r<i«i 
by  barjies  is  not  enlitelv  (c-diffolved  b)  itic  nunc  acid.  L 
ain  roitsJied  thai  this  arifei  only  from  a  Imall  quauiily  of  fbl- 
pbuiBlc  ol  polafli  contained  in  the  ferum,  ai.  it  evnlenllji 
proved,  when  die  whey  is  feparaled  by  any  atliLT  fablOKICB' 
not  of  an  acid  nature. 

It  it  not  true  dictdbre  at  many  chemiibhare  advanced,  (hat  E>p.  4. 
Ibeacidleparates  tliocaliiouj  malter,  bj  mrilingwilh  tfc«  feniin.  I'"""  "i   j- 

Esperimatt  'h.     If  milk  be  eipofed  to  the  air  at  the  tempe- campgfcd,  ' 
r«tuw  between  \'i  and  UO 'iKgrees  (about  ii<i^  tahrenhni)  ilie'^'* 
ffparation  tskas  place  in  iweiity-tbur  hours.    Tbe  curd  Imk 
»  mere  acid  flavour  than  that  of  experiment  3.     Httf.  wmm 
<;auf«£  it  to  luti?  ili  (our  tafic,  and  ar(}itires  ths  pmpsf^  aC 
reddening  turnfule. 

We  here  fuid  nearly  the  fajne  pcupertiei  in  ihecheefymsib 
ler,  wlion  fpinttamioully-  ffinned,  and  iivJitcn  (eparated.  by  aincti. 

Eiperime/ttS,     The  Tame  experirnefttbdng' made  wilti  ilnt-Eip.  j.  Mife 
ptwumatieapparalns,  was  attendod  withna  abforpdon  otatr,  5"'"""^' 
ur  difengaj^eincnt  of  elallic   fluid.     The:  onJydiftavnrewai.ntiihetibrorta 
that  the  fepanition  of  thecheefy  matter  did  ool  take-  platw  fot^"' '""  ""^  ^ 
feversl  dayt.     Part'  Roatcd  on  the  liquid,  and  tbo  uibuc  occu- 
pied the  bottom  of  the  velTel. 

Btprrtment  6.     A  boitle  mwt  fflled'wllh  frelh  miiie,  aid  «nel[  Etp.  6.  Uiifc 
CDtkwl'.     Some  daj'!  afierwanit,  iMe  rteefy^  inalteriiaA  fepei  r*°T^'' dofe 
ralcdi     Acfoon  at'ttiw reparation wvvoompleto,  ttKrcttrkrwvttwnie.givetca 
(itcnded  lobe  sxtraAcd,  bub  it  flow-owt  witb  vMtaarima^"^  "^■ 
nuife. 
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^^B  noife,  indicating  Ihe    prefence  of  an  elaliic  Said.     Upon 

^^^B  fluking  ihe  bolile,  a  greater  quantity  uf  gas  wai  Hifengagedt 

^^^^^  which  being  collected  and  examined,  hid  the  fame  charadeis 

^^^F  at  caittonic  acid. 

^^^P^  The  fluid  as  well  ai  llie  card  had  ■  (harp  acid  taOc,  whidt 

^^^^  became  I efs  pungeut,  at  Ihe  catboiiic  acid  uat  difengaged  !>/ 

^^^^'  agitation. 

^H|  The  fluid,  af^er  liavitig  been  healed,  did  not  appt 

W^^  mure  acid  than  reium,  obtained  by  expofing  niillk  tor  the  fame 

'  lime  lo  the  air. 

The  fame  expcnmi^nl  wat  made  with  railk  which  had 
boiled  about  half  an  hour,  and  thercfults  were  the  fame. 
ba>7.  Qu>li-       Eipniuicni  7.     The  cheefj  matters  of  the  third,  fourth,  and 
■in  of  the  fifth  enperiments,  difler  elTeniially  in  talle  and  conGnence. 

k  divided,  lefs  dry,  and  partly  foluble  in  water ;  and  \aRly,  that 

obtained  in  the  expeiiiueiils  No.  5  and  6,  is  not  clotted)  but 
is  more  light,  and  dot^s  not  unite  into  a  mafs,  till  after  feveral 
bours. 
Tlie  cheefy  mailer,  therefore,  requirei  particular  proper- 
ties, according  lo  the  fubClancei  and  the  procefles  employed 
to  feparale  the  ferum. 
u  from  Thefe  firl}  experiments  lead  us  lo  the  following  reHedJOtts. 
that,  I.  Milk  does  not  require  lo  be  decompofed,  in  order  to 
manifelt  the  prefence  of  an  acJd.  2.  That  this  acid  it  mixed 
with  falts,  fugar,  and  animal  matter.  3.  That  the  acid  tn 
aiilk  is  difcngaged,  though  it  is  not  very  perceptible,  but  by 
te-agents.  4.  That  the  contact  ol  the  air  \&  not  necelTary  for 
(eparating  the  conilituent  parts  of  milk.  5.  That  the  coagu- 
lating (ubitanccs  merely  facilitate  the  feparation  of  the  chetfe, 
either  by  farming  a  new  compound,  or  by  more  immedialeljr 
cotidenGng  the  patlicle^  together,  when  the  cheefy  matter  re- 
quires new  properties :  or  lallly,  by  expoling  the  milk  to  thag 
air.  By  degrees,  a  part  of  the  fugar  of  milk  is  decompofed  ; 
carbonic  acid  is  formed,  of  whicit  one  part  Is  difengaged,  gindT 
the  other  facililaies  the  feparalton  of  the  curd ;  caloric  alfo 
tavours  the  allradions  of  coagulating  matters  for  the  curd. 
They  all  aA  differently,  Ibr  alcohol,  which  alfo  polfelTei  this 
property,  affords  other  refuli;;  the  curd  being  to  a  certain 
point  fuluble  in  water.  We  cutnot  therefore  as  chemiAt  have 
alcribed  thefe  effects  to  the  folution  of  Ihofe  fubflancei  ia, 
water,  and  their  greater  altiaStiou  for  llie  liquid  tliao  u  e^^ 
eried  by  the  clieefy  matter  ilfclt. 

(To  be  cominarit; 
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ARTICLE    L 

tJiftoriccd  and  Critical  Objervations  relating  chiefif  to  the  lm» 
verUion  qf  the  Telejbope.    In  a  Letter  fram  £•  O. 

To  Mr.  NICHOLSON. 
SIR, 

xjLLTHOUGU  I  vfBi.  aware  that tlie  experiioent  on  the  in-  lacompnAiSty 

compreffibility  of  water  was  to  be  foand  in  Lord  Bacon's  ^  ^"^^* 

work,  yet  I  was  happy  to  fee  that  Sir  H.  £nglefie]d  had  taken 

the  trouble  of  reminding  your  readers  of  the  original  inventor  ' 

of  it.     I  am  always  glad  when  I  fee  any  thing  which  may  re« 

call  oor  attention  to  the  works  Of  our  illaftriotts  coantryman. 

They  abound  with  inflrudion,  and,  m  many  inftanoes,  his  con* 

je^ures  may  be  compared  to  the  Queries  of  Sir  I.  Newton, 

which  contain  the  foundations  of  the  greateft  difcoveries. 

In  the  fame  paper  Sir  H.  Englefield  has  given  as  a  very  en*  Remvin  on  dit 
rious  paflage  from  Kepler ;  and  aldiough  I  cannot  perfuade  5^^^' 
myfelf  that  he  is  accurate  in  his  interpretation  of  it;  yet  I  EngleficU  m4 
think  the  argument  has  been  by  no  means  accurately  ftated  Aktet. 
by  Aletes*.    I  (hall  therefore  beg  your  permiffion  to  Inleit 
fome  additional  remarks  on  a  futged,  which  certainly  pofleCfet 
a  confiderable  (hare  of  interefl,    I  mail  beg  leavo#  likewife» 

•Vol.X.p.S«r 
Vol.  X.— Ma&ch,  1805.  L  pre* 


1^  ON    THE   TELESCOPE. 

Obferr^doni      p'revioufly  to  remark  that  Sir  H.  Englefield  has  not  aflerled 

'i?'  *•  **.    that  Kepler  was  the  original  inventor  of  the  telefcope.     The 

tdefcope.  ^^^J  inference  which  can  be  juflly  drawn  from  his  words,  is 

that  they  were  invented  as  early  as  the  year  1607.     No  one, 

indeed^  who  had  attentivel)  read  Kepler's  dedication  of  his 

Dioptrice,  could  have  entertained  fuch  an  opinion.     He  pre- 

ci(ely  dates*  that  (ince  "  ad  magnum  cumulum  inventionum 

hajas  uUimi  fxculi  acceflilTet  Arundo  Dioptrica,  nequaquam 

inter  vulgares  commemoranda  machinationes,  circaque  eain» 

alii  de  palma  primse  inventionis  certarent,  alii  de  perfedione 

indrumcnti  fefeja6tarent,  .  •  .  •  Galiiaeus  vero  fupcr  ufu  pa- 

te&do  in  perquirendis  arcanis  Aflronomicis  fpeciocifCmum  tri* 

umphum  ageret ;  ....  Ego  dudtus  honefla  quadam  semulati- 

one  novum  mathematicis  campuro  aperui  •  •  •  .  •  caufarom 

lege  geometrica  demonflrtndarum  quibus  .  .  .  effe^us  inni- 

terentur.** 

Before  the  invention  of  telefcopes,  agronomical  obferva- 
tions  were  fometimcs  made  with  tubes,  but  more  generally 
with  rods  (regular)  which  had  lights  fixed  at  each  eod.  Thefe 
inflruments  were  generally  called  Dioptra,  and  the  apertures 
in  the  fights  were  called  foramina  dioptrorum,  not  perfpicilla. 
Ptolemy  in  his  Almegifl  +  defcribes  the  inftrument,  which  is 
generally  known  by  the  name  of  hisTriquetruni.  It  had  fights 
at  each  end,  with  apertures  in  them,  which  Georgius  Trapc- 
zuntius^  the  tranflator,  calls  foramina :  he  mentions,  indeed, 
no  particular  name  for  this  part  of  the  inflrument,  but  Theon 
in  his  commentary  t  dcfcrihes  the  coiiHrudiion  of  it  to  be  fuoh, 
that  the  whole  moon  would  appear  through  the  fights  ttrvi 
kyrmx.  Proclus  Diadochus,  in  his  Hypotypofis  Aflroraica- 
rum  Pofitionum,**  mentions  the  Dioptraof  Hipparchus,  which 
was  an  infirument  of  the  fame  kind  :  fee  Riccioli  Almegifium 
Novum,  vol.  I.  B.  3.  C.  10.  §  4.  But  we  can  have  no  fur- 
ther doubt  upon  the  fubjedt,  if  we  turn  to  Flamflcad's  Hifloria 
Caeleflis,  vol.  HI.  p.  97.      He  there  fays  that  "  baud  pauci 

*  Pp.  53,  51.  Lond.  1633.  f  Book  5,  chap.  12. 

t  P.  :;58.  Bafil,  ;538.  Notwithftan cling  what  Harduinus  fays» 
I  have  no  doubt,  but  that  the  Dioptra  mentioned  by  Pliny  in  his 
Natural  Hiflory,  B.  2  C.  69.  was  an  inflrument  of  this  kindj  but 
no  defcription  of  it  is  given,  and  therefore  I  cannot  argue  upon  it 
in  this  place. 

**  P.  399.    Bifil,  1541. 

obfervationum 
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obfervationum  Tychonicarum  errores  ex  nudorum  Dioptroram  ObleiTadoiit 
ufu  necelTarie  confequunlur/'     Now  it  is  only  neceflkry  to  c*-[*^*^  ^rfdM 
amine  the  Afironomiae  Indauratx  Mechanica^  and  we  (ball  fectelelcope* 
that  almoft  all  the  inflruments,  which  Tycho  Brahe  ufed,  are 
fitted  with  lights,  which  were  fome  perforated  with  fmall 
holes,  and  fome  divided  by  narrow  flits :  this  part  of  the  in- 
flrument  he  called  dioptra,  the  perforations  he  called /oramtna, 
and  the  flits  rimula.  %     * 

I  could  quote  furtherproof  that  thefe  words  were  commonly 
ufed  in  the  fenfes  which  I  have  affixed  to  them,  but  it  would 
be  not  only  unnecefTary  but  tedious.  It  mud,  therefore,  re- 
main with  Aleles  to  produce  as  good  authorities  for  the  al- 
ledged  difference  between per/pici/Zum  and  perJpiciUum  vitreum, 
I  cannot  help  thinking*  however,  that  the  very  title-page  of 
Kepler's  Dioptrice  will  be  fatal  to  his  explanation;  for  there 
we  find  that  mention  is  made  of  the  difcoveries  of  Galilao, 
made  *'  ope  perfpicilli"  after  the  publication  of  the  Siderius 
Nuntius.  Here  the  word  perjpicillum  is  undoubtedly  ufed  for 
the  telefcope  itfelf,  arid  before  I  conclude  what  I  have  to  fay, 
I  fhall  quote  a  paflTage  from  GaliloBO,  which  is  flill  more  con- 
tradiiStory  to  the  ideas  of  Aletes. 

Although  I  differ  from  your  correfpondent  with  refped  to 
the  arguments,  which  he  has  fiated  to  you,  ilill  I  agree  with 
him  in  his  general  conclufion,  that  Kepler  did  not  mean  a  te- 
lefcope by  the  word  perjpicilla.     We  learn,  indeed,  from 
Borelli's  book  de  vero  inventore  telefcopii,  that  *  one  account 
makes  (he  invention  as  early  as  the  year  1590;  but  when  we 
compare  this  with  the  depofition  of  Sara  Gaedardai  and  what 
is  dated  by  Galilseo  in  (p.  10  of)  his  Sidereus  Nuntius,  it  feems 
mod  probable  that  telefcopes  were  not  known  before  the  year 
1609.     If  Zachary  Jaufens  was  acquainted  with  them  before 
that  period,  he  feems  not  to  have  publifhed  his  difcovery  to 
the  world.     Now  Kepler,  in  the  place  above  quoted  from  the 
dedication  of  his  Dioptrice,  takes  an  opportunity  of  praifing 
the  invention  in  the  highefl  terms,  and  as  he  did  this,  when  it 
was  public,  it  is  probable  that  he  would  have  done  ib  dill 
more  warmly,  if  he  had  been  the  fird  who  publifhed  an  ac- 
count of  obfervations  made  with  them  ;  but  there  is  nothing 
of  this  kind  in  the  palTage  alluded  to  in  his  book  de  cometis. 

*  P.  25.     f  p.  31.     This  makes  the  invention  about  1611  or 
1613,  but  *<  dc  certo  prxfixo  tempore  nonpotuit  dicere.'* 

L2  He 


OUemdont  He  was  looking  at  the  ftars  wit)^  a  friend  on  the  bridge  at 
ClJS^rjr  die^'*****'  and  Ihey  obferved  one  in  particular,  "  Vidi"*  he 
tclefcope.  f^y*9  *'  ileUam  fub  urfa,  roajorero  caeteris  per  perfpicilla  intu* 

itqs,  quae  aequale  caeteris  fixis  lumen  mihi  fine  perfpicillis 
diflfuodere  videbatur.'^  It  is  not  likely  that  the  perfon,  who 
mentioned  the  Hrfl  ufe  of  fuch  an  inftrument  as  a  telefcope, 
would  confine  himfelf  to  fo  dry  an  account  of  the  effe^s  pro- 
duced by  It.  But  there  is  another  argument,  which  may  be 
drawn  from  the  book  itfeif,  and  that  is,  when  Kepler  is  giving 
an  account  t  of  his  obferving  a  comet  in  the  year  ]61S,  he 
iifes  the  word  lelefcoiiium  and  not  perfpicillum.  "  6  Sept. 
jam  nulla  amplius  cunda  vifu  nudo  poluit  obfcrvari  et  telefco* 
pio  infpedus  fatis  magnus  apparuit/'  "  Sept.  23.  Planitudo 
ibajor  fine  telefcopio*  quam  perillud/'l 

But  what  puts  it  beyond  doubt  that  Kepler  was  not  in  pof- 
feiilon  of  a  telefcope  fo  early  as  the  year  1607,  is  that  we  hear 
of  no  great  difcovcries  which  he  made  about  that  time  by  ob« 
ferving  the  heavens.  Monfieur  de  Moutucia,  indeed,  fays  § 
that  "  Uniquement  appliqu^  a  determiner  avec  prectiioD  les 
mouvementf  celefles,  cet  homme  celebre  faifoit  peu  d'ufage  do 
telefcope.'^  He  probably  thought  himfelf  juftified  in  tbis» 
when  others  were  employed  in  the  more  mechanical  labour  of 
obfervalion.  When  he  had  no  fuch  fellow-labourers,  it  is  im- 
potlibic  that  a  man  like  Kepler  could  have  negledled  an  oppor- 
tunity of  obferving,  or  have  concealed  the  means  of  doing  fo; 
and  if  he  had  not  done  both,  we  muil  have  had  fome  notices 
remaining  either  in  his*  own  writings  or  thofeof  others^— 
We  muft  recoiled  likewife,  that  he  was  the  firft  who  under- 
flood  the  theory  of  telefcopcs  and  the  combination  of  lenfes, 
and  we  mufl  not  forget,  that  thcfc  difcovcries  being  once  made, 
the  greateft  difficulty  was  overcome  ;  it  was  only  neceffary  to 
ufe  the  telefcope  and  mark  the  objedls  which  it  prefented  to 
the  fight. 

From  what  I  have  Hated  there  feenis  to  be  coniiderable  dif- 
ficulties attending  eiLlier  of  the  ways,  which  have  been  pro- 
pofed  for  interpreting  the  word  perfpicilla.  But  there  are 
fome  paOfages  in  the  Sidereus  Nuntiiis,  which  feem  to  affid  us 
in  affixing  a  meaning  to  the  word,  lefs  exceptionable  than  the 
one  hazarded  by  Aletes. 

•  i^  Sept.  1607.  t  P-  *8*  t  P.  58. 


20" 
§  Hiftorie  dcs  Mathemadqucs,  vol*  IL  p.  234. 
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In  p.  11.  Galiljco  fays  «•  tubum  pfkno  plumbeum  mihi  ^«  P^SHf^^ 
fmvr>  in  cujus  extremitates  vitrea  duo  perfpicilhi  •  •  •  aptavi/*^,|^^^^^  ^  ||^ 
Again  in  p.  12.  he  fajs  "  dura  nulla  in  tubo  adeflenl  perlpn  teleftopc 
cilia/'  the  rays  pafs  in  one  dire^on»  but  *'  appofitis  perfpH 
cillis/^  they  will  pafs  in  another.  Hence  it  appears  that  Oa* 
lilaeo  makes  no  difference  between  perJpiciQa  and  vUrea  per* 
JpiciUa,  but  ufes  both  indifcriminately  for  the  glafles  of  hit  tt* 
lefcopes.  I  am  inclined  indeed  to  believe  that  the  original 
meaning  of  per/picillum  was  like  that  of  conjpicilium  a  mere 
lens ;  that  when  lenfes  were  combined  in  telefcopes  it  waa 
ufed  both  for  the  giafs  and  the  inftrument,  until  the  word  tele^ 
Jbopium  became  common.  I  am  not,  however,  prepared  to 
bring  forward  fufBcient  authorities  for  this  account  of  the  wonf>* 
and  I  have  not  leifure  at  prefent  to  fearch  for  them.  It  is  fuf- 
ficient  for  my  purpofe  that  we  are  j unified  in  underftanding  the 
word  as  meaning  a  mere  lens;  for  if  we  confider  it  as  fucb  in 
the  padage  under  confideration  all  the  difficulty  vaniihes.— — ^ 
Kepler  complains  in  this  very  book  de  cometis  *  of  the  weak- 
nefs  of  his  light ;  he  might,  therefore,  have  probably  aied  a 
fimple  lens  to  aflift  it.  Monfieur  Dutens  f  has  clearly  proved 
that- the  convex  lens  was  known  to  the  ancients,  and  at  the 
fame  time  X  that  Borelli  calls  Zachary  Janfens,  *'  confpicilio* 
rum  artifex  peritiflimuR,"  he  fpeaks  of  bis  concave  as  well  ar 
convex  glades. 

There  is  one  circumftance  attending  the  obfervation  itfel^ 
which  feems  to  give  fome  fupport  to  my  interpretation,  which 
is,  that  it  was  not  made  at  a  time  when  Kepler  was  carefbUy 
examining  the  heavens  for  any  new  phenomena;  but  in  a  walkT 
which  he  accidentally  took  with  his  firiend.  Now  he  may  eafily 
be  fuppofed  to  have  carried  about  with  him  a  fimple  lem  ta 
corredt  any  fault  of  his  eyes,  but  it  is  fcarcely  probable  that  he 
would  have  had  with  him  a  telefcope,  made,  poflibly  like  Ga- 
niaeo's,  of  a  long  leaden  pipe.  I  fcarcely  need  add«  that 
whatever  clears  and  flrengthens  the  fight  will  diminifh  the  ap* 
parent  diameter  of  a  fixed  flar,  and  confequently  incfeafe  the 
relative  magnitude  and  light  of  the  comet. 

^  P.  30.  Inftrumenta  Tychonica,  Sec.  &c.  et  oculoa  vegetos  ic- 
quirunt,  quae  omnia  mihi  defuerunt,  1607,  and  in  p.  48.  Dtbili 
furo  vifb,  1618. 

f  Decouvcrtet  des  ancient*  Partie  %  chap.  10.  §•  278.    %  P.  25* 

lam 
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OUervidoiii  I  am  confcioiu.  Sir,  that  what  I  now  fend  you,  is  pat  to- 

faivtt!^  of  the^^^  '^^  ^  ^^^y  h^%  manner.     Were  my  time  at  my  own 
teMfcope*'  difpofal,  I  would  endeavour  to  make  it  more  fit  to  meet  the 

public  eye;  but  I  am  induced  to  fend  you  thefe  hints  in  their 
prefent  fiate,  becaufe  I  rely  as  much  upon  the  candour  at  on 
the  learning  and  abilities  of  Sir  H.  Englefield.  If  I  am  mif* 
taken,  he  will.fet  roe  right;  and  if  I  have  any  foundation  for 
my  opinion,  he  can  cafily  illuftrate  my  hypotheiis  by  the  paf- 
fages  which  agree  with  it,  in  the  old  writers  on  optics  and 
afironomy.    I  am.  Sir, 

Your  obliged  humble  fervant, 

E.  O. 
Crford,  Feb.  10,  1805. 

P.  S.  Since  I  finiflied  the  letter,  which  I  fent  to  you  on  the 
10th  infl.  I  have  met  with  a  padage,  which  appears  to  me  to 
decide  the  queftion  on  which  I  wrote  to  you.  It  is  in  Kepler's 
book,  which  he  publifhed  at  Francfort  in  I601-,  under  the  title 
of  AftTonofnict  pars  optica.  The  beginning  of  it  is  entitled 
Paralipomena  in  VitdUonem,  He  difcuffes  the  nature  of  the 
eye,  and  at  p.  178.  he  begins  a  fet  of  proportions  on  the  man- 
ner in  which  it  a6ts  as  the  organ  of  vifion.  The  28th  of  tbefe 
proportions  is  that  which  makes  mod  immediately  for  my  pre- 
fent purpofe;  it  is  at  p.  200,  and  he  enumerates  it  in  the  fol- 
lowing words. 

*'  Qui  remota  diflind^^  videnf,  propinqua  confufe;  iis  per- 
"  fpicilla  convexa  profunt.  Qui  vero  confufe  vident  remola» 
"  juvantur  concavis  perfpicillis." 

The  mere  quctalion  of  thefe  words  Is  fnfficientfor  the  proof 
of  what  I  have  alferted  ;  but  as  it  may  af)ord  feme  amufement 
to  your  readers,  I  will  add  his  remarks  upon  ihem  as  (hortly 
as  poflible. — "  Quanta  admiratio"  he  fays,  *'  rei  tanla;  tarn 
late  propogatum  ufum:  &  tamen  caulum  ignorari  hadlenus." 
J.  B.  Porta,  he  adds,  profefles  to  give  Ine  reafon  in  his  op- 
tics:  but  this  book  he  was  never  able  to  m^et  with.  Kepler 
then  very  ably  refutes  the  opinion  of  thofe,  »no  fuppofe  this 
effect  to  be  produced  by  the  increafing  or  dimhiifliing  of  the 
apparent  magnitude  of  the  obje6t.  He  offers  with  confider- 
able  diffidence  bis  own  method  of  accounting  for  the  pheno- 
menon. He  fuppofes  that  in  the  cafes  mentioned  in  the  pro- 
pofilion  the  vifion  is  imperfect,  in  as  much  as  without  the  in- 
tervention 
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(ervention  of  convex  or  concave  lenfes,  the  apices  of  the  difr. 
fercnt  cones  of  rays  would  fall  either  before  or  "behind  (h6 
retina.  He  fupports  his  theory  by  experiments  which  he  tried 
on  fliort  and  long-iighted  perfons ;  and  quotes  the  pafTage  from 
Ariftotle,  in  which  he  points  out  the  difference  between  the 
myops  and  the  prefbyles, 

Feb.  12. 


11. 

Co7iftru8ion  of  a  Line  in  a  Circle,  nearly  equal  to  the  Side  of  a 

Square  of  the  fame  Superficies  as  that  of  the  Cirde  itfelf.    With  •  ^ 

Hemarks  on  PendulutHS  and  other  OhjeBu  By  Mr.  J.Whitliy 

BoSWELL.  ^ 

To  Mr.  NICHOLSON, 
SIR,  Feb.  9,  1805. 

XaAVING  often  found  a  difliculty  in  computing  the  preflure  Intwduaionw 
of  fluids  in  tul)es  and  cylindrical  velfels,  from  all  the  calcula- 
tions relative  to  the  gravities  of  different  bodies,  which  I  was 
acquainted  with,  being  adapted  for  cubic  meafure,  it  appeared 
a  very  dcfirable  matter  to  find  an  eafy  method  of  converting 
round  into  fquare  mcafurc,  which  induced  me  at  different 
times  to  attempt  it,  and  as  often  to  lay  itafide,  from  not  being 
able  to  arrive  at  any  fati<;fa6lory  rcTult.  But  lately  having  had 
occafion  to  relume  this  fubje6t,  I  have  difcovered  a  method  of 
coming  fo  very  near  the  truth,  that  if  it  fliould  turn  out  to  be 
in  reality  not  fo  exaft  as  it  fcems  to  me,  it  will  ferve  fo  well 
for  common  computations,  and  promifes  on  that  account  to  be 
of  fuch  utih'ty,  that  I  am  induced  to  fend  it  to  you  for  publi- 
cation, if  you  approve  of  it. 

As  this  fubje^  has  been  by  many  looked  on  as  foroewhat  To  eoiiTert 
chimerical,  it  may  be  therefore  not  amifs  to  mention,  for  thofe  f°""*^  meafuif 
of  your  readers  who  are  not  very  conv.erfant  in  geometrical 
ikidies,  that  a  mechanical  method  of  computing  fquare  niea- 
fure  from  round  is  a  very  ancient  and  well-known  problem ; 
but  this  method  being  difficult  to  apply  to  the  iniide  of  tubea, 
and  not  capable  of  being  ufed  in  diagrams  or  drawings,  has 
made  another  method  deiirabic:  mine  for  this  purpofe  is  as 
follows: — 

r# 
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To  find  a  right  Lmc,  the  Square  qf  which  JkaU  be  equal  to  m 

given  Circle. 

Problem.  Draw  two  diameters  (I  F  and  C  T)  bifeding  each  other  at 

ftt^aSon'thr*'  "^*^'  •ng^es  in  the  center  (O)  of  the  given  circle ;  bifed  one 
ideof  ft  l^aare  of  the  radii  fo  formed  (O  T)  in  W,  and  from  the  extremity  (I) 
aqtultoaciidc  of  4he  next  adjoining  radios,  through  W  draw  the  right  line 

(I  B)  to  the  circumference :  This  line  (I  B)  it  the  line  re- 

qaired. 

Proof, 

A»»f  by  trial*  Let  a  (qoare  be  formed  equal  to  the  given  circle  by  the  third 
corol.  prop,  fifth,  of  Archimedes ;  then  take  a  fqoare  formed 
by  the  line  I  B,  and  place  it  on  this  other  fquare.  fo  that  one 
angle  and  the'fide  adjacent  to  it  of  one,  flmll  fall  on  one  angle 
and  the  fide  adjacent  to  that  angle  of  the  other ;  then  will  it 
be  feen  that  ail  the  other  angles  and  fides  of  each  will  coin- 
cide, and  the  whole  of  one  be  equal  to  the  whole  of  the 
other. 

This  kind  of  pro»f  is  nearly  (he  fame  as  that  of  the  fourth 
prop,  fird  book  of  Euclid,  on  which  fo  many  other  propor- 
tions depend ;  and  having  often  tried  this  method  in  the  above 
manner,  I  could  never  perceive  any  difference  between  the 
two  fquares  :  In  Ihofe  trials  I  ufed  circles  of  card  paper  for  the 
more  exa6t  meafiirement  of  the  circumference  in  the  mechani- 
cal procefs  direfled  in  the  method  of  Archimedes.* 

To  the  above  I  have  to  add  the  farther  proof  which  follows 
oFthe  exadnefs  of  my  method^  which  may  make  it  appear  ftill 
more  certain. 

Sometime  after  I  difcovered  the  above,  looking  into  a  work 
of  the  learned  Kircher  for  a  ready  method  of  defcribing  a  pa- 

*  In  order  to  (hew how  near  Mr.  B.*8  con(lru6lion  approaches  to 
the  truth,  we  may  obferve,  that  when  the  diameter  is  =  I,  the 
area  is  =:  0.7854,  and  the  fide  of  the  equal  fquare  zz.  0.88f>2« 
But  in  the  figure,  I  W  is  found  by  adding  the  fquare  of  the  radius 
to  that  of  the  half  radius,  and  extracting  the  fquare  root  $  and  then 
by  the  property  of  fimilar  triangles,  as  the  radius  is  to  I  W,  fo  it 
the  diameter  to  I  B,  which  will  be  0.8944  when  the  diameter  is 
zz  1.  But  this  line  exceeds  0.8862,  or  the  true  tide  of  the  fquare, 
by  0.0082y  or  nearly  one  hundredth  part.  N. 

4  rabola 
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rabok  which  I  knew  was  inferted  in  it,  I  perceived  therein 
alfo  a  geometrical  method  of  finding  a  right  line  etfual  to  any 
given  portion  of  the  circumference  of  a  circle ;  and  having 
by  this  method  drawn  a  right  line  equal  (o  the  fourth  of  the 
circumference  of  a  circle^  and  with  it  and  the  diameter  formed 
a  parallelogram  equal  to  the  circle,  and  then  a  fquare  equal 
to  this  parallelogram,  in  the-ufual  manner :  I  afterwards  formed 
another  fquare  equal  to  the  fame  circle,  according  to  my  me- 
thod before  defcribed,  and  found  no  perceivable  difference  be- 
tween it  and  the  former  fquare. 

The  difcovery  of  a  fa6t  in  geometry  oflen  leads  to  another ; 
one  of  this  kind  I  haCve  to  add  here,  which  is,  that  a  right  line 
(BE)  drawn  from  the  extremity  B  of  the  line  IB,  at  right 
angles  through  the  oppofite  diameter  (I  F)  to  the  circum- 
ference,, will  be  equal  to  a  fourth  of  the  circumference. 

The  problem  of  Kircher  above  mentioned,  may  be  found  io 
the  Ars  magna  Lvtcis  ct  Umbra,  prop.  3,  lib.  3.  pars  2,  page 
239,  and  the  two  following  pages. 

As  the  circles  which  I  ufcd  were  under  three  inches  diame- 
ter, it  is  poifible  on  fo/mall  a  fcale  a  minute  error  might  not 
b«  vifible;  but  even  in  this  cafe  it  mud  be  very  inconliderable. 


I  take  the  opportunity  of  forwarding  the  above  to  fend  an  Properties  of 
explanation  in  reply  to  the  annotations  on  my  paper^on  pen-  P^°dnluim,  ftc« 
duluros,  which  I  hope  you  will  do  me  the  favour  to  infert,  as 
yott  have  in  fome  degree  called  on  me  for  it. 

I  beg  leave  to  obferve,  that  in  that  paper  I  have  endea- 
voured to  put  a  marked  diflin^lion  (though  perhaps  not  fuffi- 
ciently  forcible)  between  the  obfervatioos  which  admitted  of 
proof,  and  fpeculations  on  new  fubjedts :  The  latter  may  be 
coafidered  to  commence  with  Huygens'  pendulum ;  and  the 
others  on  firoilar  principles,  along  with  this,  were  merely  de- 
figoed  as  objeds  prapqfedfor  experiment,  not  as  things  proved, 
and  nothing  is  inferted  about  them  but  what  was  intended  to 
be  noted  as  conjedural  by  the  mode  of  expreffion. 

I  coniider  it  ufeful  to  propofe  experiments  (exclufive  of  my  ' 
partiality  to  this  mode  of  afcertaining  U6Li),  becaufe  among 
your  naraeroos  readers  there  might  be  fome  who,  with  little 
tiooUe  or  exptace,  have  opportunities  to  make  trialt  of  thit 

kind. 
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Pfiopertiet  of      kind,  from  (he  nature  of  their  employments  furn idling  (bent 
pcaduluro?,     c.  ^^-^j^  ^||  ^j^^  materials  neceiTary  ready  at  hand,  and  who  have 

fufficient  Entered  in  the  fabjecl  to  induce  them  to  undertake 

thera. 

I  acknowledge  that  (ax  you  obferve)  I  did  not  date  all  my 
reafoiis  for  thinking  that  Huygens'  circular  pendulumt  and 
the  olhers  propofed  on  the  fame  principles,  would  not  be  fo 
liable  (o  alter  their  notation  of  time,  as  thofe  in  common  ufe, 
irom  a  change  of  temperature  ^  but  this  was  caufed  by  th(e 
other  fubjccts  contained  in  that  paper  having  extended  it  to 
fuch  a  length  as  to  oblige  me  to  curtail  (his  and  other  matters, 
and  leave  out  part  of  what  I  had  written  relative  to  pyrometers 
alfo.  My  reafon  for  thinking  well  of  f  Juygens'  pendulum  pro* 
cccded  partly  from  my  refpe£t  for  his  opinion,  founded  oo 
the  high  idea  I  have  of  his  mathematical  erudition;  and  be- 
caufe  it  appeared  to  me,  that  the  (ize  of  the  circle  produced 
hy  the  gyration  of  the  ball,  depending  on  the  impulfe  of  the 
moving  power  more  than  on  the  length  of  (he  fufpending 
Aring;  that  if  the  firing  lengthened  a  little,  the  circle  would 
not  be  thereby  increafed ;  and  even  if  it  was  increafed,  that 
the  cffed  of  (he  paraboloidal  lamina  would  prevent  its  altering 
the  time  of  each  revolution  of  the  ball  (granting  the  theorem 
of  I  III  \  gens,  which  I  inlcrtcd,  to  be  (rue) ;  for  (hough  I  was 
aware  that  the  parabola  generated  would,  by  (he  lengthening 
«>r  the  ftring,  become  of  fomewhat  lefs  curvature,  yet  I  thought 
this  cliange  would  be  fo  minute  as  not  fenfibly  to  affed  the 
(in;c,  efpeciaily  as  a  change  apparently  greater  had  not  af- 
fected it  in  a  fnnilar  cafe,  which  will  be  mentioned  a  little 
farllier  on,  but  of  this  I  had  doubts  then,  as  appears  from  what 
is  remarked  in  page  77,  where  I  nit^ntion  that  I  thought  the 
other  conriru6tions  which  I  propofed  might  be  better  on  ac» 
count  of  (he  ftrimr  of  that  of  JJut/gcns  being  liable  to  lengthen, 

I  recommended  the  other  pendulums,  on  (imilar  principles, 
for  trial,  becaufe  though  (he  expanfion  will  increafe  the  di« 
menfions  of  (he  parabolical  and  cycloidal  curves,  yet  dill  they 
will  not  ceafe  to  be  thofe  curves,  which  Huygens  has  proved 
to  have  fuch  remarkable  properties  for  the  regulation  of  pen* 
Hijkims ;  and  as  it  has  been  found  by  experience,  (hat  a  pen- 
dulum vibrating  in  a  fmall  arc  of  a  large  circle,  has  the  fame 
accuracy  as  when  moving  in  a  cycloid,  I  imagined  that  there 
could  uut  at  lead  be  more  didercnce  between  the  effeds  of 

two 
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two  cycloids  or  parabolas  a  little  diflTering  in  iize,  than  be-  ProperUei  pf 
tween  the  cycloid  and  large  circle;  and  be^des;  as  the  cy- ^^  .wMf 
cloidal  cheecks  ufed  by  Huygens  (which  he  found  to  fucceed 
fo  well)  were  liable  to  tiie  fame  alteration-  by  expanfion,  I 
looked  on  his  numerous  experiments  as  confirmations  of  this 
opinion. 

In  reply  to  the  obfervation  relative  to  the  fuperior  c{fe€t  of 
pendulums  detached  as  much  as  poflible,  I  beg  leave  to  ob- 
ferve,  that  a  movement  interrupted  or  intermitting  (fuch  as 
more  or  Ipfs  takes  place  in  clocks  with  ofcillating  pendulums), 
is  fo  very  different  from  one  which  continues  equally  without 
any  interruption  (as  that  of  the  circular  pendulum )«  that  it 
does  not  ieem  to  me  conclufive  to  argue  Irom  the  effeds  of 
one  to  thofe  of  the  other. 

In  the  note  relative  to  (he  circular  vefTel  endofing  the  mer- 
curial tube,  I  am  inclined  to  imagine  you  were  not  aware  that 
this  velTel  was  directed  to  be  fatiened  to  the  ipindle  fo  as  to 
revolve  with  it,  by  which  means  there  would  be  no  lateral 
motion  given  to  the  air  but  by  the  friction  of  the  out  fide  of 
the  cafe ;  for  which  reafon  I  mentioned  that  it  (hould  be  made 
very  fmooth  externally :  I  alfo  directed  it  to  be  covered,  to 
prevent  theeffeft  of  the  current  of  air,  which  would  otherwife 
pafs  through  it,  caufed  by  the  centrifugal  impulfe  of  the  cir- 
cular motion* 

As  to  what  I  obferved  about  the  fufpcnding  fpring,  I  per- 
haps exprefled  myfelf  too  generally  :  I  dill  think,  however, 
I  could  point  out  feveral  inllances  of  gridiron  pendulums, 
where  the  compenfations  were  made  of  one  bar  againft  an- 
other only,  without  allowing  any  compenfation  for  this  fpring. 

I  think  it  necelfary  to  mention  among  the  emendations  of 
my  former  paper,  that  the  cycloidal  bed  of  the  rolling  pen- 
dulum, propofed  in  it,  (hould  be  formed  of  the  fame  tliick- 
nefs  in  every  part,  as  it  might  expand  unequally  if  made 
thicker  in  one  part  than  another :  As  a  trial  of  this  fort  of 
pendulum  may  be  made  with  a  common  clock  at  a  froall  ex- 
pence,  I  hope  it  will  induce  fome  one  better  (killed  in  fuch 
experiments  than  I  am,  to  make  it,  even  if  the  others  (hould 
«ot  be  tried :  and  as  a  fiarther  reafon  for  expe^ation  of  fuccefs 
in  the  trial,  it  fliould  be  con(idered  (in  addition  to  what  has 
been  advanced  in  fupport  of  the  opinion,  that  the  eSe6t  of  tbe 
cycloidal  bed  would  be  but  little  alt^ed  bjr  \i$  expao£oD%  - 

that. 
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Pmntfw  of  tbftt,  00  ■ooonnt  of  the  ftortneft  of  thit  bod,  it  oonld  nat  pot 
!•■■*■*••  *^fibljr  espond  as  much  in  Jengtb  as  the  39  inchet  of  wire  odd* 
Uined  in  a  eonmon  pendolaiiHrod ;  and  that*  as  tKe  greateft 
espanfioQ  of  the  wire  is  certainly  in  the  diredion  tbe^noft  in* 
jorious  to  the  efled  of  the  pendolam*  which.is  not  ^le  caTo 
with  that  of  tiie  cydoidal  bed^  it  is  probable  that  tho  roHiog 
pendolom  woald  be  found  fdpertor  to  that  in  common  ale. 

With  regard  to  the  oUervations  on  pyromelerSp  I  owa  I 
never  faw  that  of  Delnc ;  but  as  your  deferiptioii  of  it  is  not 
fufficienlly  minute  to  enable  me  to  perceive  how  the  fiaodard 
in  it  for  meaforing  the  difierent  bars,  could  eicape  expanfion 
in  an  increafe  of  temperature  of  the  atmofphere,  I  fitU  can 
.conceive  no  method  by  which  Uie  ftandard  for  meafaremeot  in 
any  pyrometer,  cooU  be  prevented  from  altming  its  length 
from  the  above  caufe,  but  by  keeping  it  artificially  at  a  fixed 
temperature,  by  fome  means  difiind  from  the  apparatus,  fimi* 
lar  to  thofe  of  Mr.  Ramfden,  which  yoa  have  mentioned* 
What  I  wrote  on  this  futged  was  intOKled  as  a  cmttoo  in 
future  experiments,  and  if  it  has  produced  the  more  extended 
puUiGstioo  of  means  to  avoid  the  error  I  pointed  dot,,  or  fliall 
hereafter  do  fo,  my  view  will  be  fully  anfwered. 

Your  very  humble  fervant, 

J.  WHITLEY  BOSWEUL 
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Some  Remarks  upon  the  Experiments  by  which  Mr,  Ez.  Walks  a 

has  endeavoured  to  explain  the  apparent  Enlarg/ement  qf  the 

Moon  near  the  Horizon :  xiith  a  Statement  of  Jame  FaB$  i^M 

which  that  Phenomenon  feemt  chieflj/  to  depend.     In  a  Letter 

from  C.  H. 

To  Mr.  NICHOLSON. 

SIR, 

Mr.  Walker*!  ^  SHOULD,  with  your  permiffion,  be  glad  to  point  ont  to 
experiments  ad-  your  correfpondcnt,  Mr.  Ezekiel  Walkert  a  theorem  in  op* 
Yercsd  to.  ^j^^  ^^  whtcb»  it  appears  to  me,  that  be  has  not  paid  foffident 

attention  m  the  courfe  of  his  fiudies. 

Rays 
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Rays  from  a  didant  objedt  which  pafs  through  a  convex  lens  Optical dieorem. 
near  its  center,  will  have  their  focus  more  diftant  from  ^^^  i^nt  ^Otoni^ 
lens,  than  thofe  rays  which  pafs  through  it  nearer  to  its  cir-  the  larger  the 

cumference;   and,    confequently,   the  imasre  turmed  by  the fP*^"***  "*^ ^*'* 

■  '  "  '  image  of  coiirie 

central  rays,  will  be  as  much  larger  than  that  formed  by  theimalter. 

rays  of  the  circumference,  as  tlie  focal  diftance  of  the  former 

(hall  exceed  that  of  the  latter.     With  a  given  aperture,  the 

focus  will  be  that  point  in  which  the  greated  number  of  rays 

coincide^  for,  there^  will  the  image  appear  mod  diflin6l;  and,     , 

confequently,   as  we  enlarge  the  aperture  of  the  lens,  the 

central  rays  mufl  be  combined  with  others  more  convergent, 

the  new  focus  will  approach  the  lens,  and  the  image  be,  of 

courfe,  proportionably  diminilhed« 

The  total  difagreement  of  this  theorem  with  the  refult  ofTbit  la  contnry 

Mr.  W.*s  experiments,  I  can  only  account  for  by  fuppofing  ^r  |f*  ^*'^'|!ij 

ibis  gentleman,  while  he  enlarged  the  aperture  of  his  lens,  he  waifraMlj 

not  to  have  paid  attention  to  the  increafing  brightnefs  of  the  ^f^i][**  ^.  ^ 

image*  which,  by  making  a  (Ironger  imprelfion  on  the  retina,  brightaeis. 

would  appear  to  increafe  in  magnitude  with  every  enlargement 

of  the  aperture.     If  I  might  be  allowed  to  ofiTer  my  advice  toPropofal  that  he 

Mr.  W.  I  (hould  recommend  him  to  repeat  his  experiments,  ^***^T"y"^ 

repeat  the  czpe* 
and  fubditute,  for  the  flame  of  the  candle,  a  Ikreen  having  arimeat;     ^^ 

_  circular  opening  covered  with  thin  paper.  This,  with  a  light 
behind  i(»  may  reprefent  the  horizontal  moon.  Some  cha- 
racters (hould  be  marked  upon  it,  in  order  to  determine,  with 
more  facility^  when  the  image  is  moft  didind.  The  precau- 
tion of  reducing  the  different  images  as  nearly  as  poffible, 
to  the  fame  degree  of  brightnefs  previous  to  meafurement, 
mull  not  be  negledled.  I  am  furprized  indeed,  that  the 
lirudure  of  the  eye,  which  Mr.  W.  profefTes  to  have  kept  in 
view  in  the  courfe  of  thefe  experiments,  did  not  point  out  to 
him  the  importance  of  this  circumftance,  which  is  fo  admi- 
rably  anfwered,  in  the  natural  organ,  by  the  contradion  and 
expanlion  of  the  pupil. 

As  the  phenomenon  of  the  horizontal  mooo  has  of  late  Pbeooneaon  of 
much  engaged  the  attention  of  feveral  of  your  correfpondents,  ^ '*****^* 
I  will  avail  myfelf  of  ihe  prefent  opportunity  to  add  a  few  in  part  by  tha 
remarks  on  that  fubjed.     It  appears,  at  firft  view,  that  lh«'*'^**VL^ 
moil  obvious  method  of  accounting  for  the  phenomenon,  is  by  the  aerul 

,Che  following:  We  believe  the  moon  more  diiiant  from  usP^>4c^via  and 
when  in  the  hori^n  than  when  in  tho  meridian;  bot  w«  fecShSj^^?**** 

it. 


f 
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ifj  in  both  cafes,  under  the  fame  apparent  angle,  and,  ac- 
cording to  our  ufual  habits  of  judging  of  the  magnitudes  of 
objects,  neceffarily  refer  the  idea  of  greater  magnitude  to  the 
greater  diflance.  The  aerial  perfpedlive,  apd  various  other 
circumf)ance8,  which  combine  to  make  tite  horizontal  diftance 
appear  the  jrrealefl,  have  been  fo  well  and  fo  often  defcribed, 
tliat  it  would  be  fuperfluons  to  repeat  them  here.  I  muft  ob- 
ferve,  however,  that  this  appearance  of  greater  didance  in 
the  horizontal  moon,  though  the  firfl  and  mod  obvious  cir« 
but  thcfc  have    cumAance  which  prefents  illelf  to  explain  the  illufion,   is  not, 

5Stf  ii»^7o-*  *"  ^y  ^P'*^*®"'  ^^^'  which  has  the  grealeft  (hare  in  pro- 
ducing it.  ducing  it. 

After  having  confidered  the  fubje6l  with  much  attention, 

I  am  of  opinion  that  the  chief  flrcfs  ought  to  be  laid  od  the 

following  particulars : 
Newexpbiui^         We  maybe  faid  rarely  to  fee  the  moon  in  the  horizon. 
?^*  7^^^  Our  habitual  acquaintance  with  it  is  at  fome  coniiderable  alli- 
tbeborixon.       tude.     Hence  it  follows,  that  all  the  objects  with  which  it 

comes  in  apparent  contadt,  and  with  which  we  occafionally 

compare  its  difk,  are  near  to  us,  and  fubtend  angles  propor- 
Small  iAit6tM      tionably  large.     Thus,  for  inftance,  we  often  fee  the  moon 

afwo^fid^rawT"  '^^^  *  **''g®  portion  of  her  face  behind  the  branch  of  a  tree 
altitudes.  or  a  wealhcr-cock,  and  totally  difappear  behind  a  chimney. 

The  elcTated  The  clouds,  too,  which  fleet  before  her,  appear,  from  their 
clouds  are ^a^o  proximity  to  US,  on  a  gigantic  fcale.  Thefe  are  the  circum- 
near;  flances  under  which  we  have  infenfibly  formed  our  general 

and  the  mooii  ^  j^j^j^s  Qf  i\^q  moon's  magnitude.  Let  us  now  furvey  it  in  the 
oufc  compared   horizon.     The  cafe  is  widely  altered.     We  have  now  an  op- 

with  them.  portunity  of  comparing  it  with  various  large  obieds,  w  hich 
But  in  or  near  .  .    •        .,        r  i  *l  .-       j/T        •      • 

the  horizon,  the  perhaps,  bemg  themlelves  on  the  verge  of  a  diftanl  horizon, 

clouds,  build-  ^vill  be  reduced  to  very  trifling  dimenlions ;  and  thus  the  caftle 

lafgc  objeas,"  ^^^  ^^^Y  <-'atliedral  will  hide  but  a  fmall  part  of  that  globe, 

will  appear  which  we  have  commonly  feen  half  eclipled  by  a  fpout  or  a 

[Tt'LTe^lf  the  weathercock.     The  clouds  too,  reduced  by  diflance.  appear 

moon'idifcj  on  a  much  fmaller  fcale  when  compared  with  the  moon.     In 

which  will  ftiort,  it  is  no  longer  the  fame  moon  we  were  acquainted  with 

therefore,  by       .  -.•         T  i    i  i 

coniparifon,  be    m  the  meridian,  but  a  much  larger  and  more  majeftic  fphere, 

f^sen  on  a  grand    j^^  novel  appearance  of  which  flrikes  moft  of  its  fpc^talors 

Jwlc.  with  a  degree  of  awe  and  amazement. 

Thefe  are  the         Though  it  appears  to  me   that  the  circumftance   I  have 

cumftancwr     pointed  out,   of  our  habitual  comparifon  of  the  moon  with 

objeds 
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objcds  of  known  magnitudes,  has  the  grcateft  fliare  in  pro- 
ducing the  illulion  by  whidi  it  appears  largefl  in  the  horizon, 
I  wou'd  by  no  means  be  undcrfiood  to  rejeft  the  principal 
circumliances,  long  (ince  noticed  as  contributing  towards  the 
lame  elfe^t.  Difl'erent  circumftances  vvdl  neceirarily  have 
more  or  lefs  influence  with  ditrercnt  perfons,  according  to 
the  tenor  of  their  previuufly  ac(]uircd  habits  and  obfervations* 

I  remain^  Sir, 

Your  obedi<^nt  fervant, 

C.  H. 

TaTiflock  PlfU'c,  Feb,  15. 

ANNOTATION.     W.N. 

THIS  very  flriking  and  pcrfpicuous   explanation   of  the  Ezperiment 
enlargement  of  the  moon  near  the  horizon,  will  bring  to  the  ^"^  Hadtey't 
reader's  reco)le6lion  a  great  number  of  fa6ts,  where  the  ab-  which  the  (ma 
folute  magnitudes  of  objefls,  of  which  the  didances  are  im-  *n<J  "oon  appear 
perfe^ly  known,   are  erroneoully  edimated  by  Gomparifon  nitadet  ac^I 
with  other  objedls  lying  in  the  fame  diredion.     Navigators  jng  to  the  ob- 
muft  have  been  often  ftruck  with  the  extreme  minutenefs  of{|^^*^J™^ 
the  image  uf  the  fun   or  moon,    when  brought  dowii  byptojeteU 
Hadley's  quadrant  fo  as  to  be  feen  projeded  upon  the  near 
objects  below  the  horizon.     Since  the  perufal  of  this  com- 
munication, I  have  repeated  the  experiment  on  thofe  lumi- 
naries.    If  the  image  of  the  moon  be  removed  a  certain  num- 
ber of  degrees  from  the  dire6l  ray,  it  is  eafy,  by  altering  the 
pofition  of  the  quadrant,  to  obferve  that  image  in  the  horizon 
to  the  right  or  left,  or  upon  the  pavement  before  us,  or  at  a 
great  elevation  in  tlie  heavens.     In  thefe  cafes  its  apparent 
magnitude,  w  hile  the  angular  fize  and  brightnefs  remain  un- 
altered, is  found  to  be  fmall  at  the  great  elevation,  large  in 
the  horizon,  and  moft  fo  when  projefted  upon  diftant  objeds, 
and  it  becomes  a  minute  fpeck  when  feen  deprefled  among 
the  obje6l,s  ciofe  to  the  oblervcr.     The  fame  experiment  may 
be  made  with  a  pane  of  glafs,  but  lefs  objedlionably,  becaufe 
it  might  be  urged  that  the  quantity  of  illumination  i&  diflferent . 
according  to  the  dbliquity  of  refledion. 


A  Mathi^ 
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A  MatltcmalicalTlieory  of  t/is  Speaking  Trumpet.     Bjf  JoHlv 

GouGu,  Ejq, 

To  Mr.  NICHOLSON. 
SIR, 

Theory  •£  the    X  H£  fpeaking  trumpet  is  a  conical  tabe,  which  receives  th€ 

faking trom*  human  voice  from  the  month,  and  encreafes  the  range  of  it. 

^  The  flradture  of  thefe  indruments,  and  the  materials  of  which 

.  they  commonly  confid,  leach  us  to  refer  this  lingular  faculty  to 
two  caufc'^.  In  the  iirfl  place,  the  seriel  pulfes  undergo  cer- 
tain modifications  in  tiie  cavity  of  the  trumpet ;  the  natareand 
eflfeds  of  which  I  am  going  to  invedigate.  Secondly^  the 
metallic  (hell  of  the  inllrument  augments  the  power  of  the 
voice,' by  its  aptitude  to  condu6l  thofe  impulfes;  which  are 
impreflf^  upon  it,  partly  by  the  pulfes  of  the  included  air,  and 
partly  by  the  dired  adtion  of  the  Larynx,  tranfmitted  throagh 
the  medium  of  the  face  to  the  mouth-piece  of  the inflrument. 
Before  I  enter  upon  the  invefligation  of  the  eflfedts  refulting 
from  the  fir  (I  caule.  At  will  be  necefTary  to  premife  the  follow- 
ing lemma : 

Article  I .  Let  O  R  S  r  (Fig.  IV.  Plate  7)  be  an  evanefcent 
fphere  of  air,  which  is  agitated  by  two  or  more  pulfes,  be- 
ginning and  ending  together,  and  radiating  from  the  points?^, 
&c.  the  vibatory  motion  of  O  R  Sr,  in  any  diredion  what- 
ever is  equal  lo  the  joint  fum  of  the  forces,  which  the  pulfes 
would  impref;  upon  it  f^parately.  Join  PO,  O  /);  and  draw 
the  lines  R  O  r,  SO  5  perpendicular  to  P  O,  Op;  now  as 
thefe  lines  are  evanefcent,  every  point  of  each  of  them  is 
equally  prelFed  at  any  inftant  by  its  refpe^ive  pulfe.  But  the 
force  impaited  to  ROr  by  P,  agitates  the  fphere  ORSr 
equally  in  all  directions,  Frincipia,  42'2;  the  fame  holds  true 
of  the  force  of  p  upon  S  O  5.  Now  thefe  forces  cannot  co- 
alefce  or  be  compounded  fo  as  to  a6l  in  a  (ingle  dire^ion,— 
Manch.  Mem,  V.  5.  p.  660;  confequently  they  ad  with  their 
joint  powers  in  all  dire6lions. 

Art,  2.  This  being  preraifed,  let  the  fruftum  A  B  C  D  (Fi^m 
3.)  reprefent  a  trumpet,  the  fliell  of  which  is  a  non-condu£lor 
ef  found.     After  a  pulfe  of  the  voice  has  pafled  through  the 

aperture 


BpCTlureAB,  il  is  bounded  in  fionl  by  a  fpherical  Cathce,  TiitaTj  itt  tin 
liAviuf;  O,  the  vertex  of  (he  cene  DOC.  tor  its  centre,  anil  iM*"*  "■»- 
fublending  the  planr  angle  A  O  B ;  in  uther  word',  let  fucti  a 
furface  be  defcribed  ;iiiy  where  in  tlie  iVullum  A  B  C  D.  aud 
ilie  variable  di-nfuy  of  any  one  partide  of  air  in  contact  with 
il,  will  be  equal  to  the  colemporary  denlily  uf  any  oilier  par- 
licle  in  iho  lame  furface.  For  ai  Toon  at  ihe  nintian  is  ptupa- 
galed  into  (he  internal  air,  ihe  pulfe  will  expand  as  far  $.*  (he 
fides  of  Ihe  tube  will  permit :  Priarip.  i--2.2 :  aflt-r  which,  the 
motion  will  be  continued  to  the  oppofiie  aperture  C  D,  m 
right  3ri(j[et,  43  it'id.  therefore  il  will  be  propagated  along  the 
lines  A  D,  B  C  with  equal  cek-iilies,  fuppofe  to  T  and  V.— 
On  Ihe  plane  T  V  defcribe  the  futfacc  T  N  V.  in  which  the 
denfily  of  ihe  nir  is  every  where  equal  al  any  infiant :  Now 
every  poinl  of  fuch  a  furfaco  afls  upon  the  air  externally  in 
contact  with  il,  ami  is  re-aded  upon  by  ihe  fame  perpendicu- 
larly lo  iifeif,  in  fuch  a  manner  that  equal  portions  of  the  far- 
face  fupport  equal  degree*  of  prellare.  Let  U  u  be  an  eva- 
nefcent  panicle  of  the  curve  T  N  V,  draw  U  K,  ak  perpen* 
dicular  lo  N  O ;  then  the  fuperticial  ring  between  ihe  planes 
U  K,  a  i  is  as  U  K  X  U  H ;  but  thh  nng  is  as  Ihe  prciTure 
upon  il ;  which  is  alfo  inverfely  as  ihe  radius  of  curvature  at 
U,  therefore  if  UK  X  U  «  be  conftani,  Ihe  radius  of  curva- 
ture if  conflani ;  confequently  il  is  equal  to  O  T,  and  the  truth 
of  the  propofition  is  manifeft. 

Jri,  3.  Lei  /,  be  the  force  of  a  pulfe  in  the  aperture  A  B ; 
ind  let  the  iniernal  air  of  Ihe  cone  be  agitated  with  an  equal 
and  fimilar  impulfe  at  the  point  O;  then  the  cfTeft  ihus  pro- 
duced in  Ihe  trumpet,  will  be  the  fame  with  ttiat  of  Ihe  voice 
aaing  at  A  B,  (by  Art.  2.)  But  had  ihe  cone  been  out  of  the 
way,  Ihe  fame  force  at  Ihe  diliance  O  A,  would  have  been 
uniformly  diffufed  over  ilie  furface  of  ihe  hemifphere,  Iiaving 
O  for  iti  centre. 

^rr.  +.  Put  A  0=:r;  the  variable  diflance  O  T=r;  the  ra- 
diui  of  an  evanefcenl  circle^ti;  the  verfed  line  uf  half  Ihe 
angle  AOB  =  y/;  3.1il6=c.  Then  ai  the  force/ is  diffufed 
over  the  hemilphere  whofe  radius=:r,  in  free  air  fay  lirt.  S, 
that  part  of  il  which  refides  in  an  evanefcent  puiulof  lhefaai« 


furiace  = 


/rf* 


Ur' 


Jri.5.  Th«  mapiitade  oC  the  {kxhot  TNV=r2c|»s*: 
bat  die  ibrce  /  is  diSkfed  over  lint  fiegaent  bjp  An.  S.  coa* 
fequeody  that  part  of  it  which  it  confined  to  an  evanefaeot 

Jri.  6*  Since  the  fpherical  fiirfiure  T  N  V  it  conrex  to  the 
phuie  C  N  D  (Art.  2.)  the  agitation  of  the  air  in  the  latter 
will  commence  at  the  centre  N,  and  extend  thence  by  the  ap- 
plication of  fucceSve  circlet  of  the  (phere  T  N  V  to  equal 
oirclet  of  the  plane  C  D,  havihg  N  for  their  centre ;  %vhich 
operation  will  continoe  until  T  and  V  fall  upon  C  and  D. — 
Now  at  C  N  D  it  in  contad  with  unconfined  air,  each  point 
of  itf  upon  being  (track,  will  become  a  centre^  from  which  a 
pulfe  will  radiate  fireely.     (Frimeip.  42.2.) 

Art,  7.  Let  P  be  fuch  a  phyfical  point,  and  let  itt  area  s  qi 
■then  if  an  eranefcent-plane  =  f  be  dravm  through  P  perpen- 
dicular to  O  P  or  X,  the  force  impreflfed  upon  it  by  the  tram- 
pet  will  be^      ^   (Ah.  S)  but  the  fiune  fiKoe  it  Imported  at 

liie  lame  time  to  the  equal  phyfical  point  P  id  the  plane 
(AH.  1.) 

Ah.  8.  Let  L  be  the  placeof  an  ear,  in  O  N  produced^  or 
more  properly  of  a  minute  fphere  of  air.  Put  N  P  sjr ;  P  L 
=  w.  Now  the  pulfe  procut^ding  from  P  will  have  due  efTcdt 
upon  the  point  L  (Munch.  Mem,  v.  V*  p.  662.  cor.  1);   which 

effeflis  as ^ — •  (^^Ha,  6  and  7):  b^nce  we  have  (by 

*2cpx'w*  ^  ^ 

f       fd*  fq  fad* 

Art.  4.)  as4-  :  <.---  : :  ^   "^  ^ ^    ^  !  /\    ;>  for  the  force 
'      r«         2r2        2cpjr*w*      4cpx*w* 

a6ling  upon  the  fphere  L  having  d  lor  its  radius.   But  the  num- 

2  c  t/v^ 
bcr  of  points  which  a€l  together  =  ■*     '^    (Art.  6.) ;  confe- 

2  fd*  V  y' 
quently  their  united  forces  rr         ,      ■*  (Art,  !•) 
^         ^  ^px*w* 

Art.  9.  PutLN=g;NO=rc;OC=a;  CL  =  »;and 

the  correa  fluent  of  the  preceding  expreffion  «        ^'^ 

^Xpg*-pe^ 

drawn  into  the  hyp.  log.  of  *7T*'  ^hen  g  and  e  are  unequal. 
But  if  C  D  bifea  O  L ;  put  C  N  =  ^,  and  the  correa  fluent 

becomes         ^ ,- »* 

4i>g*(^*  AH.  10. 
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Ah.  ]  0.  Though  the  foregoing  fluents  h»vc  received  one  ^Jj!^  ^ 
corredioD,  each  of  them  requires  a  fecond,  anfing  from_|^|  • 
certain  circumAauces  peculiar  to  this  problem.  For  it  is 
evident,  that  the  commencement  of  the  agitation  at  N  is 
prior  to  that  at  C,  by  a  part  of  time,  which  isasCO— ON; 
confequently  the  completion  of  the  former  pulfe  at  L,  will 
precede  the  termination  of  the  latter  at  the  fame  point  by  m 
fi milar  interval ;  which  is  as  L  C  -|-  C  O  —  O  L.  Put  this  time 
=:  t,  and  the  duration  of  one  vibration  of  the  larynx  =:/;  alfb 
let  the  indivifable  interval,  or  ^^  of  a  fecond  according  to 
Euler  be  denoted  by  m ;  then  multiply  the  exprelfions  in  Art,  9 

by  the  fradlion  — - — • 

;  Art.  1 1.  The  force  determined  in  the  preceding  paragraphs, 
is  (hat  which  a -non-conducing  tube  imparts  to  an  evanefcent 
fphere  of  air.  This  circumftance  affords  a  plauiible  pbjeCion 
to  the  prefent  theory ;  becaufe  the  fenfe  of  hearing,  is  not  con- 
fined to  a  phyfical  point.  But  as  the  feat  of  this  fenfation  is 
of  a  given  extent,  at  lead  in  each  perfon,  the  number  of  thefe 
vik^rating  points,  in  contact  with  the  fenfitive  furface,  is  alfo 
given:  from  this  it  follows,  that  the  efieC  of  one  particle  is 
nearly  a  true  meafure  of  the  power  of  the  whole  number, 
when  the  ear  lies  at  a  great  diilance  from  the  plane  C  N  D, 
r^prefenting  the  trumpet's  mouth. 

An,  12,  So  much  of  the  prefent  (lieet  is  occupied  by  the 
confideration  of  the  firfl  caufe,  that  my  remarks  on  the  fecond, 
or  the  cffeds  of  the  metallic  fliell,  ^ufl  be  confined  within 
narrow  limits ;  thefe  1  (liall  begin  as  follows. 

Art,  13.  Since  the  conducting  power  of  the  trumpet  is 
given,  the  vibrations  communicated  to  the  fmall  end  of  it  by 
the  breath  and  face,  will  pais  to  the  oppofite  extremity  in  a 
given  time;  which  call  L.  Alfo  let  A  be  the  force  of  a 
vibration  at  the  didance  1 ;  and  C  L  or  ^  exprefs  the  fpaco 
betwixt  the  trumpet  and  a  remote  ear. 

Aft,  14.  In  the  firfl  place,  let  /  be  equal  to  L ;  then  a  iingle 
poife  of  the  trumpet  will  firike  the  ear  for  ^^tx^  vibration  of 

the  voice;  and  the  force  of  it  will  be  by  my  former 

paper  on  this  fubjeC  In  the  next  place,  let  /  be  an  aliquot 
part  of  L ;  then  the  number  of  pulfes  impr^flfed  on  the  ear  ia 

M2  tha 


tfStt*^  Ike  .tioM  of  L  »  —rt  bence.  tbc  force     . .  l   iw     A^  this 


' » 


eqdtiSOA  (o  the  femer  of  (bofefoond  iti  ifff«9;  andtbefiiin 

giyeft  (he  Corce  of  the  trninpct  upon  a  diftaat  ear. 

ArL  15*  Bat  if  f  be  ah  aliquant  part  of  L.  the  fonnd  will 

L 
h9  imperfeCUj  formed ;  becauie  iiie  quantity  ^^  beim;  a  guxed 


'poinber,  the  vibrations  of  Ae larynx  will  be  conduAed  along 
the  ihetal,  and  difcharged  into  the  air  in  a  dif^erly  maAner^ 
Yo  »  to  deftroy  the  condnirity  of  the  note.  Tlie  fame  caofe. 
In  iin  prdba1}ilHy»  coriflilatet  the  difficulty  which  the  inex- 
perienced find  in  their  firfi  attempt!  to  foaod  iiorns  and 
nilitary  trumpets :  for  the  lips  which  are  comprefled  by  tbe 
end  of  the  tube»  form  the  mouth  piece  in  this  cafi^;  and  the 
art  of  producing  the  found  feems  to  confift  in  caufing  the 
edges  of  them  to  vibrate  in  aliquot  parts  of  L,  or  tbe  interv<al 
liekmging  to  the  lowed  T)ote  of  the  inftruimeiit.  The  fame 
'  Origin  tnay  affo  be  afcribed  to  the  mnfical  fcale,  compofed  cif 
*what  are  called  the  trumpet  notes ;  the  intervals  of  wliich 
decreafe  in  the  following^  ratios,  1,  ^  t»  i*  T»  &c.ibr  {.  is 
ibe'greateft  aliquot  i»rt  of  unity,  ^  (he  next  in  fucceffioo,  and 
foOn. 

Art.  16.  If  the  remarks  contained  In  the  two  preceding  pa. 
ragraphs  be  jud,  the  perfon  who  makes  ufe  of  a  fpeaking 
trumpet,  mull  attend  to  the  manageoient  of  his  voice ;  the 
pitch  of  which  ought  to  coincide  with  lome  note  in  the  trumpet 
fcale  of  his  inflrument :  foY  proper  attention  to  this  circum- 
flance  will  make  the  found  of  the  metallic  iliell  perfedl,  and 
bring  it  into  unifon  with  the  other  found;  which  arifcs  from 
the  serial  pulfes,  paiTing  through  the  cavity  of  the  tube»  at  the 
fame  inflant.  In  this  manner,  the  greateft  found  will  be  pro- 
duced, fuppofing  the  power  of  the  voice  to  be  conftant ;  be- 
caufe  the  two  fets  of  pulfcs,  conHituting  the  unifon^  will  jm- 
prefs  the  greateft  poffible  force  upon  the  ear  in  a  given  time* 
On  the  other  hand,  if  the  foregoing  precaution  be  negleded, 
the  imperfect  found  of  the  metal  will  diflurb  the  uniformity 
of  the  other,  which  is  formed  in  the  cavity  ;  and  the  force  ia- 
preflfed  on  the  ear  by  fo  diforderly  an  aggregate  of  pulfes, 
will  be  interrupted  add  inconllant. 

Art.  17.  Perhaps  it  is  unneeeffary  to  remark,  that  the  pmfeA 
elafticity  of  the  air  fonof  the  bafis  of  the  prefent  theory;  a 

fuppofitioD 
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fuppofitlon  which  in  all  probability  is  not  altogether  j.u(t  s  but^ 
when  the  fmallnefs  of  the  angle  O  L  6  is  recolledcd,  the 
#rror  arifing  from  the  h)-potheiis  vanilhea  in  a  great  meafure* 

JOHN  GOUGH. 
Middleftiaw,  Feb.  S,  1805. 

1  I    T'l   ■      It  *         ■  ■■ ■'.,.[  I.L 
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OhfbrratioiM  on  Bapdt,  and  on  the  Tranfition  from  the  mitreom$ 

to  the  ftony  Texture,  which  occurs  in  the  gradual  Rrfrigeraticn  .     u 

qf  melted  Bajhlt ;  withfome  geoltygical  Ranarks.  In  a  Letttr 
/rom  Gregory  Watt,  Ejlf.  to  the  Right  Hon.  CHARLsr 
G  R  E  V I L  L  E ,  V.P.R.S,  From  the  PhiUtfopMcal  Tranjhethm 
ybr  1 80-1-,  p.  279. 

(Concluded  from  Page  126.) 

CURIOUS  diverfily  may  prevail  in  the  produds  of  aFttfiooandetoU' 
compound  body  fubje^ed  to  fufion,  when  abfolute  folutioo  i»yi.'"*^  ^1!? 
produced.     When  merely  iimple  fudon  takes  place,  the  aggre-io  conpoand  bo« 
gation  of  the  parts  only  is  dcftroyed  :  the  fluidity  arifes  from  <^*>">  ^  «'«*« 
the  facility  with  which  they  move  on  each  other;  and  a  r^gu- and  gradual  the 
lated  diminution  of  temperature,  by  facilitating  their  re-unioo^ other* 
can  hardly  fail  to  recompofe  the  fame  fpecies  that  formerly 
appeared  to  exid  in  the  compound.     But,  if  the  molecules 
have  been   ditfolved  and  decompofed,  and  their  cainpooeDt 
particle;;  diffufed  through  the  fluid,  there  feems  to  be  very  little 
probability  that  any  re-union  Ihould  compofe  the  fame  mole- 
cules.    It  is  more  likely  that  new  compounds  will  be  formed, 
from  which  new  molecules,  and  of  courfe  new  crydals,  will 
be  generated;  and  that,  confequently,  the  fame  rock  may  be^ 
come  the  parent  of  very  diveriified  otfspring.     Thefe  will 
however  retain  fome  traces  of  their  origin ;  for,  as  there  can 
be  no  fufion  of  a  compound  body  imagined,  in  which  the  ma* 
tual  adion  of  the  components  will  not  decompofe  iomeportion^ 
there  can  be  no  folution  fuppofed  fo  perfed  that  every  mole« 
cule  (hall  be  dedroyed.     In  the  firft  cafe,  there  will  esdft  tbo^ 
germs  of  a  new  coropofition  ;  and,  in  the  fecond,  there  wilL 
remain  the  relics  of  the  old. 

If  thefe  obfcrvations  are  correfl,  confiderable  utility  feemf  The  tqueoiit 
derivable  from  them,  in  the  explanation  of  fome  geological  S^-J*'*?^!^! 

'  problems. 


T^K  problems.    Ii  wil!  appear,  thai  lliey  fltikin^Iy  illunr3tell1cftnB• 

■  logy  which  exlfts between  Ifieaqjeous  ami  igneous  fotmatione. 

■nd  thow  llial  pcecirdy  the  fame  onler  and  kind  of  arrangement 
is  foil  owed,   in   the  generalion   of  fionj' inaffcs  tVom  water  as 
from  fire;  for,  the  change  of  firuflure,  which  I  tiavc  ohfcrved 
to  be  ihe  mod  inexplicable  part  of  (he  proceft  ty  which  glaf"! 
pafTes  into  Rone,  u  a\raoH  exaflly  imitared  in  the  formalion  of 
ttom  fti-    calcareou'i ftalafiile?.      SiicceiTivedepohlionf-of  calcareous  car- 
wi  M  firft  bonalc,  form  a  (lalaflile,  which  al  fird  isfibrom.  A  continuance 
lirlT  fpj.    ^^  '''*  proc^f'  caufes  the  fibrous  JlruAiire  to.ditappeari   and  the 
then  ffv.  fUIaflile  becomes  irregulail}  fpalliofe.    The  irmgularities  Ibtn 
vanilb,  and  ilbeconiesperfeclcaloBreou'fpar.diviribleintularge 
L  (hotnboids,  with  the  rorm  peculiar  to  llial  miiietal ;  and  all  the 

J  gradations  may  be  found  in  the  fame  fpccimen.     Nor  is  thii 

J  change  confined  lo  a  few  fulitary  fpecinit-n':;  fur  a  confiilciable 

HtrSan-  extent  of  coa (I  near  Sunderland,  is  formed  of  a  hnie-llonccom- 
fc  f«ro.  pofed  of  radiated  fphrroidi,   fiom  h"alf  an  im-h  (n  three  incbe* 
•*•  '  diameter,  imperfcflly  united.     When  one  of  ihefe  fplieroids 

attaint  fntnelhing  more  thnn  iht  nftial  tniiitnilude,  it  bf^oomes 
compafl   in   the   heart;  afd   it   i«  nnl  unuruni  to  Hifcover  por. 
lions  (if  the  rocit,  in  which  (he  radii  liavcpniirely  difappeared, 
^^.  and  Ihe  it  link  mafs  has  becume  ccmpafl.      It  i<  probable  that 

'  (he  entire  formation  of  oolilhi  and  pifolilhi  is  owing  lo  Ihe  fame 
canfe;  and  thai  they  arc  ptevAnled  from  ever  arriving  at  great 
fize,  by  Ifae  union  of  tbeir  furfiu-e«,  and  their  fubfequent  oon- 
fbti<htian  into  com  pa  A  time  Done,  into  which  the^  are  conti- 
'  anally  found  to  gradnale. 
PtboCki    of      ■  Hitherto,  I  have  felefied  inllances  irom  fabflinret  which 
duslitfjl  arigin,  have  an  andifputed  ^laim  t"  an  aqueon.*  oitjcin.  I  (hall  now,  on 
rfS^^^'  ''*  ■"'*>«"'>  of  Dolomieu,  inflance  a  limilar  arrangement,  tn« 
■  tBic>  ftfeftance  rcfpefling  (he  origin  nf  which  theori(l»are  not  agreed. 

A  fpectes  of  petrofilex  is  found  in  the  Val  de  Nidn,  in  Corfira, 
'  which  conlainir  radiated  petrofiliceous  glandi,  from  lialf  a  limr 

tean  inch  in  diameter.  Thefe  giandr  only  differ  from  the  bafii 
^  their  radiated  flruflure,  and  their  cdoiir ;  and  appear  (o 
Micale  very  clearly,  that  the  roe k  was  fiibje#ed  laa  fptrciesof 
invngement  which,  if  it  had  been  completed,  would  have 
changed  it*  nature,  and  probably  *ouW  haverrnd^red  it  por- 
■hyrilic;  for  Dolomieu  obf^rves,  that  (he  centre  of  Ihe  glamli 
'  'ivtooAenoCTopiedbyarmallcrydalof  (eldfpar.*    The  extn. 

•  JhlMBira,    JmwiuU  dt  Pbyllqne,  17»4,  pv  «B. 
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ordinary  rock  called  the  elobalar  Granite  of  Corfica,  is  m  CIobu?argranit« 

analogous  rnflance.     It  is  compofed  of  cryflals  of  hornblende, 

feldfpar,  quartz,  and  mica,  in  confufed  aggregation  ;  and  in  this 

haC\^  are  immerfud  fpheroids,  about  an  inch  and  a  half  or  two 

inches  In  diameter,  cofta poled  of  concentric  alternate  coats  of 

quartz  and  hornblende.     Thecenlreisprincipally  occupied  by 

hornblende;  tliis  is  furrounded  by  a  zone  of  quartz.     Thefe 

fpheroids  are  radiated  to  the  centre.  There  can  be  little  doubt 

that  this  rock  is  merely  the  refult  of  Interrupted  cryfiallization; 

and  that,  if  the  procefs  of  arrangement  had  continued,  this 

flrudlure  would  have  difappeared,  and  the  whole  rock  would 

have  refembled  the  prcfcnt  bafts.     Hitherto,  this  very  (ingular 

rock  has  only  been  found  in  detached  fragments.* 

The  admifTion  that  folution  is  not  a  requiiite  of  cryftalliza- Solatfon  j»t  It- 

ins  indfiben&Ut 

Cion,  appears  to  me  an  important  conceffion  in  favour  pf  thetolryftiOnMtioa, 
aqueous  fyflem,  which  has  laboured  under  very  great  embar-  but  only  mecht* 
raflment,  from  the  difficulty  of  dilTolving  quartz.  1^  a  very  ^^*y*^^JJ^ 
perfect  mechanical  fufiHrnfion  be  all  that  is  requifite,  we  may  difficulties  are 


remoTcd* 


♦  I  (hall  venture  to  quote  another  inftancfi  on  the  authority  of 
Profcfror  Piayfair.  **  The  fult  rocic  in  Chefliire,  which  lies  in  thick 
**  beds,  intcrpofed  between  ftrata  of  an  argillaceous  or  marly  ftonr, 
•'  and  isilfelf  mixed  with  a  confiderable  portion  of  the  fame  earth, 
**  exhibits  a  very  great  peculiarity  in  its  ftiuf^ure.  Though  it 
"  forms  a  mafs  extremely  comp;46l,  the  fait  is  found  to  be  arranged 
•*  in  round  malTes,  of  five  or  fix  feet  in  diameter,  not  tiulyfpherlcal^ 
'*  but  each  compreflTcd  by  thofe  that  furround  it,  fo  as  to  have  the 
•'  fhapc  of  an  irregular  polyliedron  ;  thefe  are  formed  of  concentric 
"  coatSy  diftinguifhable  from  each  other  by  their  colour,  that  is^ 
*•  probably,  by  the  greater  or  lcf$  quantity  of  earth  which  theycon- 
**  tain }  fo  that  the  roof  of  the  mine,  a«  it  exhibits  a  horizontal  fec- 
••  tion  of  them,  is  divided  into  polygonal  figures,  each  with  a  mwl- 
*'  titudr  of  polygons  without  it,  having  altogether  no  inconflder- 
•*  able  refcmblancc  to  a  Mofaic  pavement.  In  the  triangular fpaces 
"  without  the  polygons,  the  fait  is  in  coats,  parallel  to  the  fides  of 
"  the  polygons,"     Illuftration  of  the  Huttonian  Theoiy,  page  37. 

I  am  informed,  that  the  fiHceous  depofition  at  Geyfer,  is  at  firft 
a  porous  friable  mafs,  and  that  the  addition  of  more  molecules  ren- 
tiers it  fibrous ;  alfo  that,  on  a  farther  addition,  the  fibrous  ftruc- 
ture  difappears,  and  the  whole  afTumes  the  compaA  even  texture  of 
chalcedony  or  flint.  If  I  am  not  mifmformed,  a  feries  of  f|>eci- 
mens  illuflrating  this  trantition,  exifted  in  the  cabinet  of  the  late 
Pr.  Hutton,  of  Edinburgh. 

ccafe 
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eeafe  to  wonder  at  the  almoft  daily  formaiion  of  peirified  vraod, 
(in  which,  though  cr^naiPzalion  does  not  equally  take  p)i 
a  very  perfed  arrangement  is  indicated,  by  tiie  intimate  ui 
of  the  filiceou!!  parliclet,)  or  of  hydrophanous  femi-opal* 
the  decornpofcd  ferpenline  of  Muffinei,  near  Turin,  or 
chalcedony  containing  drops  of  water,  in  ihe  decornpofcd 
fall  of  Viccnja, 
Sioecthr  try-  I  have  endeavoured  to  fl)ow,  that  in  the  cryDallizaliona 

*^'*'"*",'y"^fultingfrom  igneous  fiifion,  it  is  not  only  poflible  but  probable, 
order  of  fufivili' thai  the  moH  infuHble  fubdances  might  not  be  the  firft  lo 
tjr,  reftiaorjr      cryflallize;  and  llii>  appears  to  involve  imporlanl  confequences, 
U  imprtfffd  by  *"'^'  ■'  parlly  removes  one  nf  Ihe  grealeft  difficulties  that  embaf. 
fuch  II  »ie  mort  rnffe;   (he  igneous   theory,   by  explaining  ihc  poilibilily  of  rr- 
fiaftory   fubflances  generated   by  tire  beinj;  iropre/Ted   by  Iba 
forms  of  more  fufible  i>ne<.     ll  feems,  hu^ever,  ihai  ihe  fame 
order  of  arrangement  would   prevail   in   fubfiincei,  thai  were 
fufpended  in  a  lluid  medium,  at  Ihe  degree!  of  allraflion  would 
be  the  fame.    In  eiiher  cafe,  ihe  (iiA  Hep  by  which  ihearrange- 
iiienl  of  an  apparently  homogenous  mafs  commenced,  would 
probably  be  the  acrumtiUlion  of  pariiciilar  molecules  into  little 
globules.    Such  feems  to  have  happcnt-d  in  varioliiet,  and  other 
rocks  which  contain  fpherical  concretion'  of  a  diStrenlnalore 
lnfl»n«!  uid      from  their  bafis.     Still  farther  advanced  is  ihe  arrangement  of 
rcmiiki.  porphyflts:  ihemoleculesof  one rpecrcsiTEveBiTiimed  a  regular 

cryHallioe  form  j  and  fomelimes  iwo  or  even  more  varieiies  o 
cryllals  are  formed,  which  remain  unmixed  in  the  unarranged 
bafis.  If  Ibe  remaining  molecules  of  that  bafisare  fufceptible 
of  crjftallization,  it  may  be  fairly  concluded,  ihal  an  ekleofion 
of  the  procefs  of  arrangement  would  convert  the  porphyry  into 
granite,  or  at  lead  inio  one  of  (he  compound  aggregates  of 
cryllals  which  conftliute  the  numerous  Iribes  of  granites,  grnn- 
lleios,  and  lienites;  and  it  feeins  equally  probable  thai  Ibu 
might  be  accomplinied,  whether  ihe  molecules  wore  indebted 
to  a  fuilaUe  Icmperature,  or  lo  an  aqueous  mediuni,  for  (be 
requifitc  facility  of  movement. 
Gnnittt  tnd  '^^^  formation  of  granite  and  olher  rocks,  muR  howerer  bs] 

po^pb'jry.  referred  lo  the  ullimale  perfcdion  of  cryflallization,  by  whicfc, 

all  ihe  molecules  have  been  jiermiUed  to  arrange.  Thofc  gra- 
nites called  por|ih>ritic,  in  which  large  cryllals  of  feldfpar  ar« 
imbedded  in  a  bafis  compounded  of  the  ordinary  ingredicnii  of 
granite  in  fmall  grains,  are  apparcnlly  generated  from  a  men- 


i 
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ftraum  ih  which  (he  molecules  of  one  fpecies^  being  greatly^ 
predominant  in  number  to  the  re(l,  are  the  firft  to  exercife  their 
polarity,  and  conOitute  large  cryftaU,  which  are  afterwards  fur- 
rounded  by  fmaller  ones,  refuliing  from  the  facceilive  fepara* 
tionx  of  the  remaining  elementary  molecules. 

The  changes  of  the  fubflance  that  led  to  the  foregoing  re-  The  pai&ge 
marks,  ferve  to  (how  that  they  are  not  altogether  hypothetical ;  ''^  '111!*''*"'* 
and  any  proof  that  may  appear  deficient^  feems  to  be  provided  from  that  to^w 
by  the  phenomena  exhibited  by  lavas,  in  which  may  be  (;bferved  porphyritic,  aad 
every  ftep  of  the  pafTage  from  the  vitreous  to  the  Hony,  from  nidc  fttte  Mxn^^ 
that  to  the  porphyritic,  and  finally  to  the  granitic  (late.     The  obfenrabfe  im 
lava  of  Lipari,  which  paflfes  from  glafs  to  lava,  by  the  genera-  *^^* 
tion  of  minute  globules,  may  be  cited,  on  the  authority  of  SpaU 
lanzani,  as  an  in  fiance  of  the  commencement  of  the  procefs  of 
arrangement ;  *  and,  were  not  their  origin  dill  difputed,  I  might 
alfo  cite  the  pitchfione  lavas  of  theEuganean  hills.     It  would 
appear,  that  the  tranfition  from  the  Hony  to  the  porphyry  tic 
Hate  is  rapid,  for  perfedlly  homogeneous  lavas  are  among  the 
rareA  of  volcanic  products.     The  porphyritic  lavas  are  mofk 
numerous ;  and  it  is  needlefs  to  detail  the  varieties  they  prefent. 

*  Spallanzani,  Viaggi  alle  due  SicUU,  Tomo  Secondo^  page  238. 
The  whole  pafTage,  literally  tranflated.  Hands  thus  :  <'  This  lava 
'*  has  a  bafis  of  feldfpar,  of  a  fine  and  compafl  grain,  a  fplintery 
*'  fraflure,  rough  to  the  touch,  and  emitting  fparks,  like  flint, 
**  when  ftruck  with  fleet.  It  has  an  afh  colour,  in  fume  places  ap- 
<<  preaching  to  a  leaden  colour.  It  is  thickly  filled  with  an  immen- 
**  fity  of  little  bodies,  which  would  be  diflinguifhedwithdifl^culty, 
*^  from  the  refemblance  of  their  colour  to  that  of  their  bafis,  were 
<<  it  not  fur  their  globular  form.  But  this  lava  is  joined  to  a  great 
**  niafs  of  glafs,  which  foinis  a  whole  with  it,  without  any  divifion 
<<  or  reparation  between  them  ^  and  this  lava,  which  in  many  placea 
"  retains  its  own  nature,  is  in  many  other  places  reduced  to  glafs* 
*'  Some  parts  of  this  glni's  are  filled  with  the  fame  little  bodies,  but 
**  other  parts  are  pure  glaf:s.  This  is  in  general  very  compafl,  has 
<*  a  dead  black  colour,  and  breaks  rather  into  irregular  pieces  than 
**  into  undulated  fragments,  as  glafs  properly  does.  Befides,  it  has 
**  I  know  not  what  of  un£luofity  to  the  touch,  and  to  the  eye, 
**  which  is  not  perceptible  to  the  more  perfe^  volcanic  glafTes.  It 
'<  yields  fparks  with  fteel,  like  the  lava  \  but  the  lava  is  wholly 
«  opaque,  and  the  glafs,  at  the  angles  and  thin  edges,  has  confider- 
'<  able  tranfparency.  It  is  only  opaque  where  the  globules  are, 
**  which  appear  to  be  particles  of  lava.** 

But, 
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Bat,  Ibougb  the  procefs  of  ftirangement  hoi  often  a^f  mivwaced 
tiins  far,  it  hat  in  many  inftances  proceeded  muoh  farther^  and 
it  is  bf  no  means  unufnal  to  find  the  entire  befit  rei^faurlj  ar- 
ranged into  cryilalline  bodiet ;  tbat,  to  cite  a  well  known  in* 
ilance,  in  many  of  the  ancient  lavat  of  Semma,:  large  aagitet- 
^  •  are.imbedded  in  a  cryihtlline  roaff »  formed  of  minota  cryftaU  of 

leucitet  together  wiQi  another  cryftAlline  fubflanoe,  wbofe  na* 
^  -  ture  is  not  perfedly  determined. 

Vfkmk  gMU       '^^^  cafual  occurrence  of  volcanic  gfafs  \t  nowlfe  at  varianoe 

with  this  accoont,  as  it  is.fufficienlly  probable*  that  feme  gb6n5t 

may  have  a  much  greater  tendency  to  oryftalline  arrangement 

than  otiiers  poflfefs;  and  it  cannot  appenr  extraordinary,  that 

regalar  cryftals  lliould  fometimes  be  gcneratedf  even  in  the 

glafs,  as  it  is  a  matter  of  daily  occurrence  in  artificial  glaflet, 

and  in  furnace  flags,  .       .  ' 

Peculiar  iKtdift      *^^  ^^^  diftindlion  altempfed  to  be  fliown  between  igneoot 

flvybe  aflbrdrd  fttfion  and  fdution  be  efiablifhed,  it  may  oflfer  a  meaOAof-aC'* 

hf  ^ll^BHfhod  g0o,|tj|,j^  for  the  abundance  of  peculiar  bodies  in  lava,  which  do 

not  exift  in  other  fituation^,  or  at  leafi  are  of  extremely  rare 
occurrence.  For,  if  the  igneoot  adion  decompofes  the  molecules 
of  the  fubftances  on  which  it  operates,  there  feemt  every 
probability  that  new  compounds  may  refolt,  diflimilar  to  any 
fubftances  wc  are  acquainted  With,  It  would  appear,  ihal  the 
neceflity  of  imagining  an  undifcoi^ered  (Iratum  abounding  in 
leucites,  chryfolites,  and  augiles  may  be  difpenfed  with;  and, 
8«  I  have  endeavoured  to  Hinw  the  probability  that  the  mofi 
infufible  fubflances  will  not  l^  the  6rQ  to  cryflallize,  thepene* 
tration  of  refra6)ory  leucites  by  fufible  augites,  will  ceafe  to  be 
an  argument  againfl  both  being  generated  in  the  lava.  I  may 
alfo  obferve,  that  the  fame  caufrs  which  vary  the  cryflallized 
bodies  rcfulting  from  igneous  folution,  mufl  operate  upon  the 
nnarranged  hafi:s;  and  that  the  fame  rock  may  be  faf'ed  into 
lavas  extremely  diflimilar,  as  their  varieties  mufl  depend  on 
the  degree  of  folution  whiph  the  fufion  has  accomplitbed.* 
The  fa^i  Slid  If  the  analogy  attempted  to  be  ftjown  between  the  aqueous 
dnarines  here     and  igncous  formation  ap;,ear  founded,  the  tranfition  from  glafs 

given  will  not 

affea  the  quef-  ^^ 

tioB  of  the  ignr-  «  y^^^  evidence  of  tlie  gcncrntfon  of  leucitcs  in  the  lava  which 
toruicinD  of"  contains  them,  colle61«rd  by  Leopold  de  Buch,  and  Breiflac,  and 
tel'iitt.  finally  acquiefced  in  by  Dolomieu,  appears  fo  fatisfaftory,  that  i( 

can  hardly  be  deemed  prefumptuous  to  aflume  the  point  u  deter- 

minc4 
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to  (lone  can  no  way  aflfedl  the  g^eat  queflion  which  has  fo  long 
divided  geolo^ifts,  about  the  origin  of  bafaU;  for  though  it  is 
fynthfetically  demonft rated   that  bafalt  raay  be  formed  by  fire, 
the  converfe  of  that  propofiiion  ftands  fupported  by  (Irong  ana- 
logical argument*,  and  its  formation  by  water  mud  be  allowed 
to  be  at  leaft  equally  poffible.    How  far  the  probabilities  derived 
from  the  examination  of  hafaltic  formations  may  inflaence  the 
ultimate  decifion,  h  an  enquiry  in  which  I  (hall  not  now  engage; 
though   I  cannot  avoid  recalling  to  my  mind,  the  numerous 
inf^ances  of  petrifactions  found  in  bafalt,  and,  as  a  counterpoife 
to  that  obfervation,  the  equally  numerous  inflances  in  which 
the  heat  emanating  from  it  appears  to  have  indurated  flrata, 
and  coaked  beds  of  coal.  One  remark  may  be  ftated  here  wifli^ 
propriety,  as  itarifes  immediately  from  the  experiment  which 
has  occafioned  thefe  obfervations.     In  the  ultimate  refult  of 
that  experiment,  the  arrangement  of  the  molecules  was  much 
more  perfect  than  in  the  original  rock.     It  might  befuppofed, 
that  a  longer  continuance  of  the  fuitable  temperature  w^s  af- 
forded it.     This  however,  could  not  be,  for  the  mafs  was  only  Why  (b  Uttkof 
a  few  feet  long,  and  a  few  inches  thick  ;  the  fire  was  only  fljetrt hi^Ae 
maintained  a  day ;  and  the  whole  was  cooled  in  a  week.  But  ttnidurecf 
the  hill  of  folid  bafalt,  from  which  the  fubftance  operated  upon  ^*^' 
was  taken,  is  fevcral  miles  long,  and  (everal  hundred  feet  high; 
and,  fuppofing  it  to  have  been  irrupted  in  a  (late  of  igneous 
fudon,  it  mufl  have  required  months,  nay  years,  for  its  refri- 
geration. How  then  comes  it,  that  the  procefs  of  crydallization 
IX  fo  little  advanced  ^  How  comes  the  con fu (ion  of  !ts  texture 
to  indicate  the  very  reverfe  of  the  tranquillity  and  perfe6lion 
of  arrangement,  which  may  be   fairly  atfumed  as  neceflfarily 
attending  the  extremely  gradual  changes  of  fo  immenfe  a 
maf"4? 

This  objection  admits  of  being  obviated,  upon  the  fuppotition  Probably  I  ee»A 
that,  in  the  procefs  of  melting,  the  molecules  of  the  bafalt  l^reformri 
Were  decompofed;  and  that  the  new  ones  generated  were  more  dlfpoM  la 
more  difpofed  to  cr^'ftallize  than  thofe  whofe  place  they  fup-"^  * 

plied.     This  explanation  is  in  fome  degree  judified,   by  the 

mined.  Neither  de  Buch  nor  Dolomieu  have  been  able  to  con- 
Ttnce  themfelves  that  the  augites  werealfo  formed  in  the  lavaj  but 
I  confefs  myfslf  entirely  unable  to  appreciate  the  cogency  of  their 
arguments,  which  (eem  annihilated  by  tht  admiflion  cImj  liaTe  qnda 
in  fayour  of  leu  cites. 

total 
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(olal  difappesrance  of  llie  minule  ticldfpar  and  hombiande  ol 
or  Itie  bafall  1  inlleadDf  wliicii,  itie  regenerated  flone  conUini 
Ihin  laminae  oC  <-r\  lial',  wlitcli  are  proliably  aui^iles. 
The diri&jn  of  I  raimot  leave  liiis  fubjefl  willuml  noiicing  Come  pailicular*, 
h^'mifflil"'  in  which  llie  procet  oi  arrangemeBt  deft-ribed  In  Ibe  carlj  pan 
durinj!  ill  de-  of  ihis  luller,  appears  lu  ywM  a  prulnble  t^^plsnatiun  ol  fume 
^^^0^"fa"'  **'  '''^  pecutiarilies  ol  buljll.  The  genwal  dilptifilion  of  bafalt 
■niEioD  of  ridi-  lo  divide  into  globiiUr  nialfcs  in  decom poling,  is  loo  re- 
«td  fphtrcid.  oiarkable  a  fafl  to  have  <tlrapt-d  li.e  allenlion  of  naturalifts; 
'  though,  as  far  as  I  am  informed,   no  (aUii'aHaty  eKplicalion  of 

il  hat  been  given.  TIip  cumraoii  eifeclt  of  deeompoliiion  are 
obvioufly  iiiadequale  ;  for  it  is  common  lo  ke  a  large  blocl;  of 
■morphas  bafult  feparaie  into  niimtTuus  balli,  sfer  a  few 
months  or  yeara  expofure  Hi  llie  weather  ;  anH.  lapid  as  Ihe 
proceft  of  decompafitiiin  hj«  been  in  the  intervening  poitiunt, 
thefe  balls  refill  its  father  progrefn  wiih  uncoramon  obllinacy. 
•  May  not  lhj«  be  attributed   to  the  formaliun  of  Ihe   radiated 

fpheroids  whofv  occurrence  in  mv  experimcnl  I  have  already 
mentioned  f  and  may  not  iheir  greater  refiftaiir:e  of  weather 
fimply  aiife  from  their  aggregation  being  more  perle£)  lliati 
that  of  the  incoliei  enl  molecules  which  have  filled  the  intervali 
between  ihcin  .-  Though  the  radiated  Drufture  has  d  I  [appear- 
ed lo  the  eye,  ihefe  portions  of  (be  (lone  retain  llie  fapc^ 
riorily  of  more  perfe£l  iniernal  arTangcmenl;  and,  if  my 
pigmy  rxpcrimcnls  could  yield  fpheroiils  of  two  inches  dia- 
meler,  there  can  be  no  ditticulty  in  fuppoliiig  that  the  grand 
operations  of  nature  may  produce  them  of  leveral  feet.  The 
leparalion  of  the  decompofed  Iragmenl*  in  concentric  coatt, 
feems  ealily  explained  ;  fur  1  have  already  pointed]  out  Ihi:  fa- 
cility with  whifh  the  radii  of  the  Iphcroids  feparaied  at  nearly 
the  fame  diflances  from  iheir  centres,  and  Ihe  form  of  the 
'I  fragments  wliidi  refulled.  refembling  fragments  of  bombs.  * 

ind  theft  mif  If  (his  idea  be  not  confideri-d  as  entirely  divelled  of  plau6bi- 
£15T1I1L  lily.  Im.y..Mure.oe«i=,.d  il,=  fan,,  prinrfple,  lo  «c»». 
Utic  columoi.  fur  the  wonderful  regulanly  ol  Ihe  priliuatic  coufiguration  of 

*  Even  granite  has  bem  frequently  obferved  w  atTefl  globular 
decoinpofition,  and  divilion  iiilo  ftagmcnll  of  concentric  eoitl. 
This  mode  of  decooipoliiion  extends  to  oiany  fubftsntM,  that  Wer- 
ner hai  called  the  foimailon  il  reemi  (o  indicate,  "  aigrfinJerle 
^fkt,"  whicb  has  been  rendered  in  Englilli,  dijlia^l  nairnita*.    t 

ba&l 
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liafdllic  columns,  and  alTn  Ibr  Iheir  •rliculattoiii.  If  ws  fup- E.-iumrntl^naf 
pofe  ihal  a  mafa  of  fluid  batall  bus  filled  a  valley  to  an  tndefi-  JtmV,«c' 
nile  depth  aiul  extent,  ihc  proccf»  of  arrange rocnt  in  ils  pvlt. 
de^  mull  be  induced  by  the  remoTal  ut'  hi  lieal  or  moiiJure, 
according  a%  il&  fgfullon  is  igneous  or  aqueous.  This  can  only 
be  done  by  ihe  aflion  of  the  almofpliere  on  ils  upper  furfiice, 
ami  by  the  ground  on  which  it  repot'es  abforbing  ihe  heal  or 
nioiftiire  from  its  under  furfaee.  From  the  variations  of  the 
aimorphere,  ils  a6)ion  mull  be  irregular ;  and,  from  the  per- 
peluHJ  change  of  the  parl<;  in  coniafl  with  ihe  healed  or  moill 
furface,  its  operation!!  will  alwayi  be  nearly  ai  aflive  as  a(  Iirl3, 
allowance  being  made  for  its  variations.  But  the  abforptior)  of 
the  ground  will  be  regular,  and  regularly  diminifhing  in  aAivily, 
in  proportion  as  ihe  parts  near  Ihe  niuN  approach  nearer  to  Iho 
fame  temperature,  or  fame  moiflure,  with  the  mafs  above ;  and 
ita  sbforptionE  can  only  be  carried  on  by  in  tranfmiflion  of 
heal  or  moiflure  to  Ihe  folid  rocks  below.  From  ihefe  conli- 
rferalions  it  feemn  evident,  that  the  arrangement  of  Ihe  part  of 
Ihe  bafall  near  the  ground,  will  he  begun  with  more  energy 
than  it  can  be  continued,  and  that  ilie  refults  will  be  more 
(low  and  regular  than  the  arrangement  induced  by  the  perpe- 
tual though  variable  aaion  of  the  atniofphere.  After  the  lirfi  i-  RiJiatc 
flage  in  the  procefs  of  arrangemtol  has  been  perfiJrmed,  and  "P*"'^' ' 
a  ftratuni,  if  I  may  fo  term  il,  of  the  jafpe'leoiis  fubHaoco  ex- 
tended  over  the  farface  of  the  ground,  there  feems  no  reafon  lo 
doubt  thai  a  number  of  radiated  fpheroidi  would  be  generated 
in  it,  which  would  probably  have  all  their  cenlies  about  the 
/ime  diflaoce  from  the  ground  ;  and,  as  ihe  arronging  power 
undergoes  a  gradual  diminuiion  of  energy,  it  i^  not  probable 
that  two  rows  in  height  of  them  IliouW  be  fonncd  at  once,  as, 
that  would  indicate  a  hafty  procefi,  which  had  prepared  a 
greater  m^fs  o!  matler  for  their  almoft  fimultaneom  formation. 
From  thcfe  confidctalions,  there  feem?  no  improbability  in  fup-  m  one  l»yo 
poAng,  that  in  the  arrangement  of  a  maf)  of  fluid  bafall,  a 
lingle  layer  of  radiated  Iphcroid*  would  be  formed,  repofing 
on  ihe  ground  which  fupporled  Ihe  mafs. 

I  have  already  flaled,  that  when  the  radii  of  two  fpheroids  »■  Thcfe  would 
came  into  contaa,  no  peoelratTon  cnfned,  but  the  two  bodie-j"^'^''^'^J^"*' 
became  mulually  comprelTed,  and  feparated  by  a  plane,  wctlpliccjoinae 
(iefined,  and  inverted  with  a  rufiy  colour.  I  alfo  flated,  ilia('°'"^l 
when  feveral  fpheroids  encuuntered,  ihey  formed  one  anflher 
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into  prifmi  willi  well  defined  angles.  In  a  (iratuin  compofcd 
of  an  iiide6nil«  nurober  in  lupetliml  extent,  bul  only  one  in 
heighl,  of  rmpenelrable  fpheroid",  willi  nearly  equidiHanl 
cenlccs,  if  iheir  periplteries  Ihould  come  in  conlafl  on  itie 
farae  plane,  it  feemi  nbviout  Ihat  their  mutual  acliun  would 
fphi-  i'Jtai  Ihem  into  lievagun* ;  and,  if  tlifile  were  (elifted  below, 
and  there  was  uu  iipifA'tng  laufe  above  ihem,  it  (eems  equally 
dear,  th:il  lliey  would  extond  Iheir  dimenfiuni  upwards,  and 
lliu:  tbrm  hexagonal  prilmi,  whufc  length  migl)(  be  indeii- 
n\le\y  greater  ihan  iheir  diariit:ler».  The  farthec  the  exlrenii- 
Iles  ol  the  radii  went  removed  from  the  centre,  the  nearer 
would  be  their  approach  to  parallelifin  ;  and  the  liiufluie 
would  be  Itnslly  prupagoted  by  nearly  parallel  <ibret»  flill 
keeping  wiihin  Ibe  liniiis  of  the  hexagonal  prilm  with  wlitdi 
their  inclplsiit  formattoii  lOmmfULcd  ;  and  the  prilins  might 
thus  Jhoot  to  an  Indeliniti;  Iciiglh  into  ihe  undilliirbed  central 
mafs  of  the  fluid,  till  ilidr  flruflure  was  deranged  by  the 
fuperior  iniluence  uf  a  counteracting  caut'e,  which  would  be 
provided  by  the  adion  of  the  aimofpheru  on  the  upper 
furface  of  the  bal'all.  II  thi<  arrangement  cxiftiid,  (he  rame 
caufii  lb«t  determined  the  conceiUrlc  Iraflures  ot  ihe  fibres 
cf  the  fperoids,  would  produce  convex  aiticulallnns  in  the 
lower  joints  of  the  prifins ;  and,  in  proportion  as  llie  cenlie 
from  which  they  were  generated  became  mote  remote,  the 
articulations  would  approximate  to  planei.  11  t}ic  i^etic- 
rat log  centres  were  not  equidiAaiil,  the  torm^  of  the  pillars 
would  be  irregular;  and  the  irregularity  would  be  in  propor- 
tion to  the  diverfily  of  difiance  between  the  centres.  If  the 
ditference  was  great,  the  number  of  (idea  wuuld  be  altered, 
and  ihcy  might  be  found  pentagonal,  telrahcdral,  and  liihedral. 
As  ihu  compreffion  of  the  fibres  would  be  greateli  in  the  It'vd 
ol  Ihe  generating  centres,  the  lower  part  of  the  prifms  would 
be  mofl  conipaCl. 

All  thefe  conditions  feem  to  be  fulfilled,  in  the  adual  ton- 
of  bafakic  column'; ;  for,  in  every  inftance  1  am 
ith,  they  appear  to  have  been  tisrmed  in  (lie 
tranquil  bofom  of  the  mafs,  as  ihcy  have  been  originally  roafk- 
ed  by  atnorphoub  trap,  and  their  prilmatic  tlructuic  it  only 
difplayed  by  the  removal  ut  ihii  covering.  This  lias  been 
vaiiuully  efie^cd,  fumelimcs  by  the  apparent  dilruplure  of 
locks,  fometimes  by  the  exlciiot  poriiuns  of  the  mafs  beiug 
thrown 


ending  (Uc  pro-  foim; 
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thrown  down  by  the  failure  of  the  ground  on  which  it  Hootf* 
fomelimes  by  the  violence  of  the  waves,  and  riot  unfrequently 
by  the  working  of  quarries.  In  moft  inHances,  thefe  operations 
have  only  removed  the  covering  from  one  dde  of  the  colonnade; 
and  it  remauH  crowned,  and  generally  furrounded^  by  an 
imroenfe  amorphous  mafs.  Where  tiiere  are  two  ranges  of 
columns,  with  an  intervening  amorphus  dralum,  it  is  probable 
that  the  upper  is  the  refult  of  a  fecond  inundation  of  fluid 
oafalt.  It  is  well  known  that  bafaltic  columns  are  rooA  folid 
at  the  bottom  ;  and  their  convex  articulations  have  been  re« 
peatedly  obferved.  Since  thefe  confiderations  occurred  to  me, 
I  have  had  no  opportunity  of  examining,  whether  the  divifionf 
approach  nearer  to  the  plane  furfaces  as  they  recede  from  the 
centre  from  which  the  prifms  was  generated,  nor  whether 
below  that  centre  the  convex  furface  of  the  articulations  is 
^inverted;  but  I  think  it  by  no  means  improbable,  that  fubfe- 
qucnt  obfervations  may  c(iabli(li  this  to  be  the  cafe,  and  thus 
confer  on  thishypothetls  nearly  all  the  demontiration  of  which 
it  is  (iifceptible.  I  may  however  add,  that  the  phenomena  Bataltic 
of  prifmatic  divifion  in  bafaltic  veins,  perfectly  coincide  with 
what  might  be  inferred  from  the  data  upon  which  my  reafoning 
has  proceeded.  In  veins,  it  is  obvious  that  the  refrigerating 
or  abforbing  caufe  mull  operate  with  nearly  equal  torce  on 
each  fide  of  the  vein  ;  and  it  follows,  tha{  two  fels  of  prlfms 
would  be  generated,  which  would  be  horizontal  inftead  of 
perpendicular,  and  that,  unlefs  a  mafsof  aitaorphous  baCUt 
was  iiiterpofed  between  them,  they  mud  form  a  dividon  tn 
the  middle  of  the  vein,  as,  from  the  mutual  impenetrability 
of  tlieir  fibres,  they  could  not  incorporate.  The  coincidence 
of  the  exifling  phenomena  with  thele  concludons,  is  fuffici« 
ently  remarkable;  fur,  in  numerous  obfervations  I  have  made 
on  the  bafaltic  veins  which  cHedl  the  prifmatic  configuration, 
I  found  the  prifms  were  always  horizontal,  and  often,  that 
there  were  two  ranges  of  them.  One  of  their  ends  applied 
lo  the  wall  of  the  veins,  the  other  frequeptly  united  to  an 
amorphous  mats  which  feparated  them;  and,  when  no  fuch 
intermedium  occurred,  there  was  invariably  a  divifion  in  the 
middle  of  the  vein.  Not  unfreqnently,  the  veins  contain  three 
fets  of  prifms;  a  range  of  fmall  ones  on  each  fide,  afid  of 
much  larger  ones  in  the  middle.    In  tliis  cafe,  the  little  prifms 

are 
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are  always  repataletl  irom  the  large  oncj,  and  the  dlvilions  of 

the  large  onei  are  very  irregular.  ' 

Thefcdtdut-  After  liie  flatemeni  of  my  opiniori,  that  perl'ecl  rimtlarity  of 

l"""*^"  "."       ftruclure  may  exift  in  llie  protluds  of  aqueoui  and  igneoui 

tiM  iquenui  ai     formation,  it  will  lianlly  be  tiecelT.iry  to  conclude  itiefc  obfer- 

igntiuif  rmi-    valions  wilh  remsrkiiig,  that  I   (liould  liOl  confiiier  the  eliab- 

lobceftibiiflied.'''''™*"'   "*    ^^'^^  peculiar    model    of  arrangement    as  the 

fliglilrrt  demon  It  ration    ol'  llie   igneoui   origin   of  bafalt.      It 

appears  lo   me.  lli«t  llic   Irnth  ol   my   deduflium  is  entirely 

independent    <^f  cither    llHrury,  and    thai,  if  ever   tlic  period 

Ihnald  arrive  when  the  origin  of  baialt  OibII  be  determined 

by  irrefragable  demDoDrarion,  the  inferences  t  have  drawn 

nay  be  accommodated  wah  equal  facility  to  either  mode  of 

agency,  f 

The 

*  The  obrervationi  alluded  to  were  made  during  the  conrle  of 
hft  fummcr  (11103),  on  the  very  numeroua  bafalt  vcini,  or,  at 
thcf  arc  there  called,  Win'n  Dykei,  wh^h  (raverfe  ihe  red  fand- 
ftone  and  led  landAone  breccia,  which  formt  the  grestelt  part  of 
the  cojil  ol  the  Firth  of  Clyde,  berwern  Greenock  and  the  Largi. 

t  Mr.  Keir,  In  hii  paper  on  the  ctyftalliiationi  formed  iu  glalij   ^^ 
fuggefti  the  probability  of  bafal  tic  pillari  being  formed  b^  the  a 
Ulliiation  of  viirenits  Isvnt.     See  Philofopbical  Tnnfialon*  I 
mS,  Vol.LXVI.  j.age530. 

Dolomieo  wai  of  opinion,  that  the  prifmatic  form  wit  pecoliv 
to  lavai  which  had  fluwed  Into  the  lea;  and  he  aciributcd  it  lo  the 
fiirinkiiig  of  ihe  rnal's  :  hit  defciiption  of  the  appearancei  exhlhlled 
by  wh.ii  he  call*  the  pril'matic  lavas  at  the  foot  of  Etna,  inerili 
quotation. 

I "  In  the  ]a*ai  of  Etna,  the  form  and  dimeitliuni  of  the  columni 
vary  as  much  as  the  manner  in  which  ihcy  aic  groujied  ;  hexacdral 
and  pcntaedral  prifini  ai'e  moll  abundanl  j  ihen  the  tetraedral,  the 
*  iriedial,  heptacdral,  and  oflaedral.  The  leaft  I  have  feen  are  only 
four  inches  diamcier ;  oiheri  arc  mote  than  thiee  feet ;  they  art 
commonly  of  a  fingle  fiioaC,  which  ii  fomelimci  60  feet  highj 
orhert  are  divided  by  articulatiuni,  which  are  from  one  to  Gs  feet 

"  1  have  more  than  once  obferved  ■  large  column  divide  into 
inetal  fmallec  in  its  upper  pari.  The  columns  are  generally  larger 
near  llie  top  ihau  ibe  bottom  of  the  Dream  of  lava,  becaule  they 
fubdividci  and  ihcy  aie  alwayi  leaft  in  that  put  of  the  nrean  of 
liva  which  firS  entered   the  w^Kr,   ihe  refrigeration  being  more- 
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The  imrnenfe  mapiilude  of  Tome  bafallic  columns,  ihe  ex-  Oitier  r^clu  .IC, 

,     .  r     ,     ■  -,■        ■  f  •  J    .L     •fff'*  >he  CO. 

treme    reKulatity    of  llieir    pnlmalJC    con  fig  gra  I  ion,    and    tnC[^|^j,^ 

peculiar  ffrufiure  of  Iheir  arliculaliont,   have  dlrefled   the  at- 

lemitm  of  naturalifti  lo  them,  much  more  than  lo  any  of  the 

niher   rocks  which  affefl  ihe  columnar  form.     Yet  many  of 

thel'e   are   fiilliciently    remarkable   lo  dtferve   more  particular 

notice  than  has  generally  been  paid  in  ihem  ;  and  |hey  afTord 

moll  illuflrative  proof,  that  this  conliguralion  is  not  cottoned 

toeillier  the  aqueous  or  igneous  formation;  for  fome  lavas, 

univerfally  allowed  to  be  fuch,  are  prifniatic. *     Colnmnt  of 

porphyry 

prompt,  and  its  effsfti  mare  marltcd,  Sometimtt  the  columns  ai« 
placed  perpendicularly  lide  by  fide,  and  form  vtrtica]  walls,  which 
art  rometimes  more  ihan  100  feet  high,  nnil  a  league  longi  fomc- 
timcs  they  are  heaped  obliquely,  horiiontally,  and  in  all  pDlilions. 
Some,  without  being  divided  in  their  length,  are  larger  at  one  end 
ihaa  the  other;  and  then  they  are  arranged  like  wood  piled  up, 
with  all  the  fmoll  ends  at  one  Me;  ri^metimes  they  are  formed  into 
pyramidal  bundles,  by  parting  from  a  common  center  i  and,  finally, 
there  are  fume  which,  by  their  reunion,  form  Urge  balls.  Thefe 
railii  of  lavs,  which  arc  rather  pyramidal  than  prifmitlc,  referable 
thofe  of  the  globular  pyrites,  filiated  from  the  center  to  the  cir- 
cumference, which  ;ire  found  in  the  chalk  of  Champagne. 

"  On  the  Ihore  of  la  Treiia,  near  the  mole,  there  it  a  Tery 
ciirioui  group  of  little  articulated  prifms,  which  ilTuc  from  a  com- 
mon center,  and  form  fafciculi  iingularly  twilled.  The  articula- 
tions nie  marked,  but  the  fpecies  of  vertebiz  do  not  fcparate.  In 
(he  heart  of  the  mountain  on  which  ftand*  the  Caltello  di  Jaci, 
there  are  large  balls,  from  two  to  four  feet  in  dijuneter,  refembling 
in  form  the  large  pyrites  in  the  chalk  of  Champagne.  Thefc  balls 
cf  lava  aie  foimed  of  pyiamiJal  columns,  united  by  their  points 
in  a  common  center."     Caiakgat  des  lavii  dt  I'Btna,  page  453. 

The  divilion  of  the  upper  pan  of  bal'altic  columns  into  fcTcial 
Smaller  ones,  has  alfo  been  obrerved  in  the  bafaltic  oolumoi  of 
t'liitheHd,  by  Dr.  RichardTon.  Sec  Nicbollbn's  Journal,  4ta< 
Vol.  V.  page  321. 

•  Almoll  all  ihe  prifms  at  the  fool  of  Etna,  dcTcribcd  by  Dolo- 
miei],  are  of  dubious  origin;  mall  of  iheni  are  probably  bajalt. 
The  columns  of  the  Vincentine  are  of  the  lame  lubltancc,  and  fu 
are  the  pnlinatic  U»aj  of  Auvcrgne,  and  of  the  Vivamij.  The 
bed  of  lavi  «i  la  ScaIj,  near  Portici,  is  divided  by  veiticd  tiflum, 
which  give  it  the  iilpefl  of  iiregolai  columns.  At  AquapeiHlent*, 
in  *  quarry  of  undoubted  lava,  near  the  road,  are  Tome  much  more 
-VOfc.  X.— March,  130J.  N  peifeft 
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othet  |)lacet|  are  fboad^H 
,  and  not  more  ihan  lw»» 


tnftanca  i  Poi*  porpiiyry  arc  nol  rare ;  and,  >.moiig  othet  |ilacet|  : 

I        bh'^'m^     "**'  Drefden,  feveral  feet  in  lengtli,  and  not  more  ihan  («•»! 

ceou!  fchiitai,    inches  in  diatnelcr.     Columns  uf  petrofilex  carapod:  a  large 

"l^t  ""'•       portion  ol'  a  mountain  near  Coniflone  lake.     Vety  pcrferl 

t  quadrangular  prifnis  of  argillaceous  fchifius  are  founJ  near 

LlanwrA.     Kubble    flale    alTumes    the   columnar    lorm    at 
Barmouth.     The  linn;flone   near   Cyfarlha,    in   Glaniorgan- 
Oiire,  is  divided  into  very  regular  acute  rhomboidal  pritm* ; 
even  ihe  fandlione  of  ihe  fame  diilrift  is  not  unff«quenlly 
columnar;  and  one  of  llie  bedi  ot  gypfuni  at  Monimaj-tre 
U  didineily  divided  into  prelly  regular  columns.     Sandflonc, 
clay,    argillaceous    iron    ore,    and    many    other    fubftances, 
become  prifmalic  by  torrefaflion ;  and  Ihe  prifmi  of  Itarch 
ftirmed  in  drying  have  often  been  confidered  as  illuflralive  of 
bafallic  furmalions. 
Merc  contrjt-         I  am  very  far  from  conceiving,  that  all  ihefe  configuration! 
tion  '"''P"*     are  influenced  by  fuch  fyftematic  arrangements  as  have  deler- 
TcnibliBg  tbele,    mined  the  futni  of  fume  bafaltic  columns.     I  conCder  mod  of 
fcut  tef!  rejaUr.  ,hem  as   loiely  allribulable   lo  conlradion;  which   ii  only  a 
farther  cxicnfioii  of  the  aggregative  force,  and  mull  be  regu- 
lated by  the  le'<lurc,   the  form,  and  the  pufilion  of  Ihe  mail. 
\  Where  the  texture  of  ihe  mafi  is  homogeneous,  and  its  con~ 

I  traAions  uuilorm,  ili>  dlmenfions  maybe  dimintHied,  without 

it.'i  continuity  being  dedroyed,  provided  its  aggregation  be  In 
flrong  as  to  overcome  the  r/i  inertia  of  the  mafs,  and  its  ad- 
DcvtlopemcHi  of  hefion  to  otiier  fubftances.     Bui,  when  the  relillance  i*  luffi- 
the  e^>  "'      cienl  to  overcome  the  aggregation,  the  mafs  wrilj  be  rent  by 
producing  tjm.  fi/Tures  perpendicular  lo  the  direction  in  which  the  greateli  re- 
mtuit  (n&ani.  £dance  lo  its  coiumaion  takes  place,  or,   in  Oilier  words,  by 
filliites  perpendicular  lo  iu  grealelt  fuffatc  ;  lor  it  is  from  the 
extremilies  of  the  greateft  furface,  that  ihe  Urged  quantity  of 

pcrfta  prirms  i  but  the  molt  btaiiiiful  1  have  feen,  are  (he  fmall 
ones  froin  Ponia.  Tlic  columns  at  Bulfena  iirc  fniil  lo  be  bafall. 
Thofe  of  the  Euganean  hills  aie  very  irregular  in  formj  in  their 
teiniic  they  are  certainly  wholly  imlikt  ginnite,  which  Mr. 
Str^in^  thought  they  leleitibkd.     I  believe  them  la  be  lava. 

The  niemion  of  fume  columnar  fotmationt  that  follows,  Ii  by 
no  tne.ins  mtendeil  as  an  eiTumeration  of  them.     1  have  confined 
I  nyfclf  to  ihofi  which  I  have  cither  inlpeaed  in  their  natural  fitua- 

tien,  or  uf  which  I  huve  lacn  numerous  fpecimeni. 
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matter  muft  traverfe  the  greated  fpace,  in  order  that  the  con^t 
tra^ion  may  be  performed  without  breach  of  continuity ; 
therefore,  if  it  be  an  exteniive  tabular  mafs,  it  will  be  divided 
into  prifms,  by  filTures  perpendicular  to  its  furfiices.  The 
power  of  aggregation  would  determine  thefe  prifras  to  be 
hexagonal,  as  that  form  contains  the  greatefl  quantity  of 
matter  in  (he  lead  furface,  of  any  prifms  that  can  be  united 
without  interpofing  prifms  oF  other  forms.  But  this  would 
require  the  texture,  the  contradiont  ihe  thicknefs  of  the 
mafsy  and  its  adhefion  to  furrounding  fuhHances,  to  be 
every  where  precifely  the  fame ;  and,  as  thvfe  conditions 
can  never  be  fulfilled  in  an  extenfive  formation,  all. the  irregu* 
larities  that  are  found  mud  necclfarily  enfue.  The  fame  rate 
that  determines  the  fiffures  of  a  tabular  mafs  to  be  perpendicular 
to  its  furlaces,  mull  determine  the  rents  in  a  fpheroid  to  b0 
dirc6ted  from  its  periphery  to  its  centre. 

Though  thefe  con fi derations  may  be  fufficient  to  explain  the  Tlhey  do  oMae- 
tendency  to  divifion  into  prifms,  which  is  fo  generally  extend-  *^'*'5^^i'*" 
ed,    and  which  has  produced  many  of  thofe  abortions  thatbafiUtas* 
have  been  dignitied  with  the  name  of  columns,  becaufe  they 
have  occurred  in  lavas  and  in  rocks  of  trap  formation,  they 
are  utterly   inadequate  to  illodrating  the  formation   of  the 
more  perfect  bafaltic  prifms :  they  offer  no  means  of  accounting 
for  the  extreme  regularity  of  the  fides  aDd  the  precifion  of 
the  angles,  for  the  articulations,  for  the  clofe  contact  in  which 
the  perfect  columns  are  placed  to  one  another,  not  (or  their 
mutual  aJhelion,    which  is  fo  ftrong,   that  it  often  requires 
contiderable  violence  to  feparate  them.     Thefe  fads  are  in 
abfolule  contradidion  to  all  idea  of  retreat  or  eontradion,  and 
teem  to  me  to  coincide  peri'ediy  with  the  explanation  of         ^ 
Iheir  origin  which  I  have  already  prefumed  to  lay  before 
you. 

I  have  the  honour  to  be,  &c. 

GREGORY  WATT. 


N  2  Improved 
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Jiaproieti  Ci/njtru&iun  ^  WoULts's  Appataxas.     By  W.  B.  I 

To  Mr.  NICHOLSON. 
SIR, 

In  IIjVERY  one  who  tiu  been  in  (he  habil  or  iinng  a  Wouire'a 
'  appaiBtui,  niuft  have  experienced  llie  difEculiy  of  tiKing  ihe 
tabes  of  connnunLcalion,  and  the  continual  rifk  of  breaking 
them.  To  obviate  this  inconvenience,  1  would  fuggefl  llie 
following  mode  of  conRruding  the  apparatus,  which,  if  yon 
think  any  improvement  upon  the  prefent  method,  cannot  be 
rendered  more  generally  ufeful  than  by  inlerlion  in  j 
Journal. 


la 


T  very  obedient  humble  fervant. 


I 


¥ig.  1  reprefenlj  one  ot  the  bottles.  The  bent  lube,  ABC, 
being  ailached  to  the  outfidc  of  the  bottle  when  boib  healed, 
and  entering  it  h(  C,  may  b<;  made  as  (trong  as  is  thought 
confident  with  iieatnefs. 

The  part  H  B  of  the  tube  is  of  a  conical  form,  fmall  enougtii 
at  A  lo  be  inferted  Jn  a  perforated  cork. 

The  Oiorl  lube  D  E,  on  Ihe  oppofiie  tide,  is  alfo  of  a  cont* 
cal  form,  large  enough  at  E  lo  admii  a  perioraled  cork. 

The  opening  at  F  being  intended  for  ihe  tube  of  lafety. 

Fig.  2  reprcfenii  the  apparatus  put  logether,  the  reccivi 
being  added  a;  of  a  convenient  form  tor  connefling  with  Ih4t. 
other  velfels. 

The  fma!!  lube  A  B  of  one  bottle,  is  infcrled  in  the  perfo- 
rated cork  tilted  to  the  tube  D  E  of  the  preceding  one,  aad 
the  joinings  letured  in  liie  ufiial  way  by  luting. 

The  tubes  of  falely  being  firfl  fecuiely  fixed,  and  the  cork 
clofely  lilted  in  the  tube  D  E,  any  number  of  bottles  may  be 
fucceflively  added,  without  the  Icall  rilk  of  deranging  thofa 
ihat  are  already  conncfted. 
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VII. 

Objervatiom  on  the  Chmge  of  Jbiiie  nf  the  proximate  PriadpUt 
(if  Vegetablei  into  Bitumen;  viith  Analytical  Experimou*  on 
aptculiar  SuhfiaiKe  v:hich  ii  found  Kith  the  Bmey  Coal.  By 
Charles  Hatchett,  Efq.  F.  R.  S.    Fi-om  the  FhUqfophi. 

cal  Ti-aafiictioiu  for  1&04. 

M- 

KJ^E  of  the  mod  inAruflive  and  importanl  parU  of  geology, Comerfionof 
is  the  fludy  of  the -fpontaneous  Blieraiioni  by  which  bodiesj^S"!-''^'*^ 
formerly  apperlaiiimg  la  ihe  organized  kingdoms  of  nature 
have,  after  the  Icfs  of  ihe  vilal  principle,  become  giadually 
converted  into  fufTil  fubflances. 

Ill  fame  cafes,  this  converfion  has  been  fo  complcle,  as  loThcd<|TM 
deflroy  all  traccii  of  previous  organic  arrangemeot ;  but,  in'""""- 
others,  the  original  lexiure  and  form  have  been  more  or  lefs  . 

preferved,  although  the  fubAances  retaining  this  texture,  and  * 

exhibiting  ihcfe  forms,  are  often  decidedly  of  a  mineral  nature.  J 

Some,  however,  of  thefe  extraneous  folGIi  [as  they  are  called]  < 

retain  part  of  their  original  fubfiance  or  principles,  ivhilfl  others  ' 

can  only  be  regarded  a!>  calls  or  imprelltons. 

Prom  the  animal  kingdom  we  may  felefl,  as  examples,  IhelnAincuIi 
(bihl  ivory,  which  retains  its  cartilage*;  the  bones  in  Gib-^"'"^^  ^"1 
rallar  rork,  conliHing  of  little  more  than  the  earthy  part  or 
phnfphate  of  lime;  the  fliells  forming  the  lomac-hella  of  Bley- 
berg,  which  nill  polTefs  the  luftrc  and  iridefcence  of  iheir 
uriginal  nacre;  and  the  Hi  el  Is  found  at  Hordwell  in  Hamp* 
fliire,  and  in  Picardy,  which  are  chiefly  porcellaneous,  but  more 
or  lefs  calcined;  alfo  the  foQil  echini  and  others,  fo  commonly 
found  in  the  limcllone,  chalk,  and  calcareous  grit  of  lliis  illand, 
which,  although  they  retain  their  original  ligure,  are  intirely, 
or  at  leaft  externally,  formed  of  calcareous  fpar,  incruiting  a 
nucleus  of  flint  or  chalcedony.  And  if,  in  addition  to  Ihefe,  we 
may  be  allowed  to  regard  the  more  recent  limeflone  and  chalk 
flrala  at  havin);  been  principally  or  partly  formed  from  the 
detritus  of  animal  exuviC)  we  Iball  polfefs  a  complete  feries 
of  gradations,  commencing  with  animal  fubllances  analogous  in 

■  I  have  alio  found  the  cartilage  perfvA,,  jn  tl^c  teeth  of  the 
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properties  la  lliofe  whkh  are  recenl,  and  terminal  jug  in  bodies-^ 
decidedly  mineral,  in  which  sll  veftiges  ot  organizalion  hsre-^ 
been  compielely  dellro^ed. 
die  vege-     The  vegetable  kingdom   has  likewire  produced  many  ii 

lUnces  not  lefs  remarkable  ;  and  it  ij  worthy  or  notice,  lhxt4 
animal  pettifafiion*  are  commonly  of  a  calcareous  nature,* 
while,  on  the  contrary,  the  vegetable  petrifdflions  are  general  1 
lyliliceous*. 

It  is  not.  however,  my  inleolion  here  to  enter  into  a  ninutvifl 
difcuflion  conci;tn;ng  liie  formation  ol  ihefe  esiraneou*  follil*  |  J 
I  Ihall  theielore  proceed  to  con{ider  olhtr  equally  or  perhaptiJ 
more  important  changes,  which  organized  bodies,  efpecially  I 
t-egetnbles,  appear  to  have  fuETered,  (alter  the  extinflion  of  the  ] 
principle  of  life,)  by  being  long  buried  in  earthy  flrala,  and  by 
-  being  thus  expoled  to  the  eSe£ts  of  mineral  agents. 

S". 

11-     The  principal  objecT  1  have  in  view,  is  to  adduce  forae  ad<   ! 

f  ditional  proofs,    that  the   bituminous  fubftances  are  derived  j 

If  from  the  organized  kingdom*  of  naluie,  and  cfpecially  Iroai  I 
vegetable  bodies;  for,  alfhoiigh  many  ciicuralbncet  feer 
lead  to  the  opinion,  that  the  animal    kingdom  has  in  foms  J 
meafure  contributed  in  the  partial  formation  of  bitumen,  yet  ] 
the  proofs  are  by  no  means  fo  numerous,  nor  fc  puliiive 
ihofe  which  indicate  the  vegetable  kingdom  to  have  been  the 
grand  fonrce  (tora  which  the  bitumens  have  been  derived. 
But  (his    opinion,    {founded   upon  very  ftrong   piefumptivs 
evidence,)  although  generallv  adopted,  is  however  <]u ell ioiied 
by  fome  perfons;  and  I  lliall  therefore  bring  forward  a  few 
Additional  fac'^s    which  will,    I  tialter  myfelf,  contribute  to 
^emonnrate,  iliat  biiumcn  has  been,  and  is  actually  siid  im- 
roedjatelv  farmed,  from  the  relin,  and  perhaps  from  fume  ol 
the  other  juices  of  vegetables. 
The  chemical  charaflers  of  the  pure  or  unmixed  bilumen\ 

"*  fuch  asBaptha,  petroleum,  mineral  tar,  and  afphaltum,  are,  in 
'certain  refpefls,  fo  different  from  thofe  of  the  refins  and  other 
infpilTaled  Juices  of  recent  vegetables,  that,  had  the  former 
never  occurred  but  in  a  feparale  and  unmixed  fiate,  no 
politivc  inference  could  have  been  drawn  from  their  pro- 

■  Pyrilei.  othraceoui  iron  ore,  and  fahlem,  are  atfo  oceaSons!- 
ty  found  in  the  forms  ofvegeiable  bodivs. 

peitlei 
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perties  in  proof  of  Iheir  vegetable  origin.     Fortuiialely,  how.  butiheprogref. 
ever,  ihey  have  been  more  tVcquenily  found  nnder  circum- jJ,'JJ,^^-"^p'^ 
JlancCi  which  have  Drongty  indicated  the  fource  from  whence  ihele rirpcQi. 
ihev  have  been  di;rived  ;  and  much  information  has  been  ac> 
<]uired  from  obbrvations  made  on  ihe  variclies  of  turf,  bitu- 
minous wood,  and  pit  cnal,  on  the  nal<tre  of  their  furrounding 
ftrala,  on   the  vcliiges  of  animal  and  vegetable  bodice  which 
accompany  them,    and  on  various  oilier  local  faCl»;    all  of 
ifiderably   to  elucidate  (he   hiftgry  of  their 
o  throw  light  upon  this  inlerefiing  part  of 


which  I. 
format  ioi 
geology. 
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I  have  already  been  mentioned, 
that  follil  animal   fubllances  form   a  feri 
fuch  as  are  fearcely  different  from  thofe  which  are  recent,  and 
terminating  in  produftioni  which  have  totally  Toll  all  traces  of 

Similar  inftances  arealTorded  by  ihe  vegetable  kingdom  j  but 
without  entering  into  a  minute  ileiail  of  uvery  gradation,  I  jball 
only  cile  three  examples  in  thin  illand,  namely, 

I.  The  fubmarine  forell  at  Sutton,  on  Ihe  coaft  of  Lincoln- SerJci of  chingt. 
(liite,  Ihe  timber  of  which  has  nut  I'ufTered  any  very  apparent  '■  Subnwioe 
change  in  its  vegetabic  chara3eri*. 

■2.  The  (Irala  of  bJIuminooi  ivood  [called  Bovcy  Coal)  found  »-  ?°«y  "'1  In 
at  Bovey,  rn  Devon;  whith  exhibits  a  feries  of  gradations,  '       ' 

from  the  moll  perfi.'cl  ligcnioii^  texture,  to  a  fubftance  neatly 
approaching  the  ch3ra3c-rs  of  pit  coat,  and,  on  that  account, 
dillmguilhed  by  the  name  of  Stone  Coal. 

3.  And  latily,  the  varietie<i  of  pit  coal,  fo  abundant  in  many  1'  Vak.&.  pii. 
parts  of  this  country,  in  which  almoft  every  appearance  of 
vegetable  origin  has  been  dellroyed. 

The  ihree  examples  above-mentioned,  appear  to  form  the 
exircmiiie-i  and  cetiLre  of  ihe  feries;  but  as,  from  fotne  local 
circumrtances,  the  procefs  of  carbonizalion,  and  formation  of  Thi  fttood  Aik 
bitumen,  has  not  taken  place  in  Ihe  lirft  inAance,  and  as  thefe  ^Hru^iic  fub. 
etreds  have  proceeded  to  the  ultimate  degree  in  the  lall,  tl  jcAli>r  nfntcL 
feeiDitmof)  proper  that  wc  Ihould  feek  fur  information,  ai>d 
for  pofitive  evidence!,  in  the  lecond  example,  which  ajipears 
to  be  Ihe  mean  point,  exhibiting  eflcfls  of  natural  operations, 
by  which  bitumen  and  coal  have  been  imperfectly  and  pariially 

*  Account  of  a  fubmarine  Foreli  on  th«  Eall  Coaft  of  England, 
by  Dr.  Correa  de  Scrra.     Phil.  Tranf.  for  1799,  p.  1*5. 
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fprmeJ,  withoul  the  abfolute  ob^leralion  of  (lie  original 
vegeuble  cliaraders;  and,  although  I  have  felefled  ihe 
Rovey  roal  as  an  examplei  bccaule  it  is  found  in  Ihii  country, 
wc  niuj}  tecollefilhaCiirailar  rubftancej,  or  {Irata  of  bituminuai 
wood,  are  found  io  maoy  parts  of  our  globe;  fo  ijial  Ihc 
cKaniple  which  has  been  more  immedialely  chofen,  U  neiltiwj 
rare  nor  partial  *. 

The  nature,  however,  of  the  various  kinds  of  bituminon 
wood,  may  in  fome  refpe^ls  be  different ;  but  tliii  1  have  n 
as  yet  had  Ihe  mean!)  of  afcertaining ;  I  fhall  ilierefore  o 
rtale  Ihe  fafl*  refulling  from  esperiraenls  made  on  Bovey  coaf^^ 
and  more  efpecially  on  a  peculiar  biluminous  fubflar 
which   it  is   accompanied.      But,    before    I   enter   into   ihefc 
particular!,  it  » III  be  proper  lo  mention  a  very  remarkable 
fchidus,  wiiii  Mhicb  1  was,  fame  monthi  liiice,  favoured  by  . 
the  Right  Hon.  Sir  Jofeph  Bank^. 

;  III. 

Tills  fchiflu5  was  found  by  Sir  Jofeph,  in  Ihe  courfe  of  hrt 
tour  through  Iceland,  near  Reykuni,  one  of  the  ^reat  fpouting 
hot  fprings,    tliflani  about   iwenly-four  ErigliHi   miles  from  _ 
Hafiiifiord  1  bill  liicunillances  did  not  permit  him  to  arcerUl 
Ihe  extent  of  the  llralum. 

The  lingularily  of  this  fubdance  is,  ihmla  great  part  of  ■ 
conlifis  of  leave,  which  are  evidently  ihofe  of  liie  alder,  inlRfk. 
pofed  between  the  diil'erent  iBmeila:.  I  do  not  mean  mere 
imprelfions  ol  leaves,  (uch  at  are  frequently  found  in  niany  of 
the  flates,  but  the  real  fubAance,  in  an  apparently  half  charredS 
flaie,  retaining  diftinftly  the  form  «f  ihe  leaves, 
■rrangement  ol  the  librea. 

The  fchillus  k  li^hl,  brittle,  of  eafy  oxfolialion,  in  Ibe'' 
Iranfvetfe  fraflure  earlhy,  and  of  a  pale  blown  colour  j  but, 
when  longltiiiliiially  divided,  liie  whole  furlace  conflantly  pre. 
fenlj  a  feiies  of  ilie  leaves  whrch  have  been  mentioned, 
uniformly  fpread,  and  commonly  of  a  light  gtay  on  the  upper 
furface,  an<l  of  a  dark  brown  on  the  oiher;  the  fibres  on  the 

■  Strata  of  biiuminoujwood  are  foundiD  varioui  parij  of  France, 
ia  ihe  vicinity  of  Cologne,  in  Hcfle,  Bohemia,  SaJiony,  Italy, 
and  efpeciatly  in  Iceland,  where  it  is  known  under  liie  name  of 
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light  gray  furface  being  generally  of  a  bIacki(h-brown,  which 
is  alfo  the  colour  alTumed  by  the  fchiftos  when  reduced  to 
powder. 

The  leaves  appeared  to  be  in  the  flate  of  charcoal,  by  being  The  leaves  &!• 
extremely  brittle,  by  the  blackifli  brown  colour,  by  deflagrating ^^^^*  **^ 
with  nitre,  by  the  manner  of  burning,  and  by  forming  car- 
bonic acid.  I  was,  however,  foon  convinced  that  the  fub- 
flance  of  thefe  leaves  was  not  complete  charcoal,  but  might 
more  properly  be  regarded  as  vegetable  matter  in  an  incipient 
(late  of  carbonization,  which,  although  poflefTed  of  many  of 
the  apparent  porperties  of  charcoal,  flill  retained  a  fmall 
portion  of  fome  of  the  gther  principles  of  the  original  vege- 
table. 

My  fufpicion  was  excited,  partly  by  the  odour  produced  l>"tl»"™'nt^*di 
during  combudion,  which  rather  more  refembled  that  of  wood  ^^^ 
than  that  of  charcoal,    and   partly  by  the    brown  (plution 
formed  by  digeding  the  powder  of  the  unburned  fchidus  in 
boiling  didilled  water ;  for,  by  various  teds  I  afcertained,  that 
the  fubflance  thus  dillblved  was  not  of  a  mineral  nature.     In 
order,  however,  fully  to  fatisfy  myfelf  in  this  refpe6l,  I  digcfled  Digeftlooof  the 
230  grains  of  the  pulverized  fchiflus  with  fix  ounces  of  water,  and  examinatiQa 

The  liquor  was,  as  before,  of  a  dark  brown  colour.  of  the  folutioo* 

It  had  but  little  flavour. 

Prufliate  of  potafli,  muriate  of  barytes,  and  folution  of 
ifmglafs,  did  not  produce  any  eifedl;  nitrate  of  iilver  formed  a 
very  faint  cloud;  fulphate  of  iron  was  flowly  precipitated,  of 
a  dark  browniih  colour;  and  muriate  of  tin  produced  a  white 
precipitate. 

A  portion  of  the  folution,  by  long  expofure  to  the  air,  was 
partially  decomposed  ;  and  a  quantity  of  a  brown  fubflanec  was 
depoiiled,  which  could  not  again  be  din'olved  in  water. 

Anolher  portion  was  alfo  evaporated  to  drynefs,,  and  af- 
forded a  (imilar  brown  fubflance,  which  was  only  partially 
folubJe  in  water;  and  the  reiiduum,  in  both  of  the  above 
cafesy  was  found  to  be  infoluble  in  alcohol,  and  in  ether. 

When  burned,  it  emitted  fmoke,  with  tlie  odour  of  vege* 
table  matter. 

250  grains  of  the  fchiflus,  aflorded  about  three  grains  of  the 
above  fubflance;  and,  when  the  properties  of  the  aqueous 
folution  are  confidered,  fuch  as  its  partial  decompofition,  and 
the  depofit  which  it  yielded  by  expofure  to  air,  and  by  evapora. 

tion 
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tion  ;  ibc  inroliibtlit}'  of  Ihit  depol^l  when  again  digefled  with 
water,  alcohol,  or  elher ;  the  fmukt;  and  odour  which  It  yielded 
ivhcn  burned;  and  the  prccipiiatGs  Tormed  by  ihe  addition  o( 
Tulpliate  of  irun  and  muriate  uf  tin  to  its  foluiion;  when  tbefe 
properiiei)  I  fay,  are  conlidered,  there  feenia  much  reaTon  (o 
conclude,  that  the  fubllance  diirolved  by  water  was  vegetable 
exIraA,  which  had  apparently  futfered  fooie  degree  of  moditi> 
cation,  but  not  fafficienl  lo  annul  the  more  promioenl  charac- 
teiifiic  ptopenies  of  ihal  fubfiance. 

The  powder  ot  (lie  fcbiJluj,  which  had  been  emploved  in 
tlie  preceding  experiment,  was  afterwards  digclled  in  alcohol 
during  Iwo  days ;  and  a  pale  yellow  lindure  was  thus  formed, 
which,  by  evaporation,  lelt  about  one  grain  o)  a  yellow  Iranf- 
parent  fubftance,  polTefliiig  the  properties  of  refin. 

It  appears,  therefore,  iliat  a  fubllance  very  analogoui 
>'e  vegetable  exlrnfl,  and  a  fmall  portion  of  refin,  remain  inhi 
in  the  leaves  of  thi»  remarkable  fchiftui. 

As  folution  ol  jlinglafs  did  not  produce  any  c fief),  there 
reafon  to  conclude,  lltal  the  aqueoai  folution  abote-mcnlioned 
did  not  contain  any  tannin;  bul.  as  the  tannrn  might  be  com> 
bined  with  ihc  alumina  of  the  thillui,  I  djgefled  a  portion  of  il 
in  muriatic  acid,  wbtch,  afler  filtration,  was  evaporated  almoli 
to  drynefs.  leaving,  however,  the  acid  in  a  flight  encefs.  Thi) 
wasdiluled  with  water;  and  aJTorded  a  blue  precipitate  with 
prufliale  of  potadi,  a  yellowillt  precipitate  with  ammonia,  xnd 
a  white  precipitate  with  muriale  of  tin,  bul  not  any  with  fo- 
lution of  ilinghift.  The  tannin  which  might  have  been  con- 
tained in  ihe  recent  vegetable,  a]>pears  liierefore  to  have  been 
diflipated  or  deconipoled,  with  liie  greater  part  of  the  other 
vegetable  principles,  excL'piing  ilie  wooiiy  fibre  reduced  to 
the  Dale  of  an  imperfeA  coali  and  llie  fmall  portions  of  extrad 
and  relin  which  have  been  mentioned 

Previous  to  having  made  (he  analyfis,  I  had  an  idea,  that  this 
fcblRus  might  be  a  lamellated  incrullation,  formed  by  the  tuim 
of  ihehotlpringa;  but,  according  to  Mr.  Kliiproth't  anslyfi* 
the  tufa  of  Geyfer  is  compufed  of, 

Silica  -  -  93 
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It  is  llien^ore  very  dilFerenl  from  the  fchillus,  Ihe  cOEaponenl 
ingredieiili  of  which  were  arccrlaincd  ifom   ihe    following 

ANALVfilS    Of    THE    SCHISTUS   FROM    ICtLANB*. 

A.  250  grains,  by  diailiallon,  yielded  waler,  which,  in  ihe  AmlyfitofAi 
taller  part  of  iho  procers,  became  fljghlly  acid  and  turbid,  * 
=  4-2. 50  grains, 

B.  The  heat  was  gradually  increared,  imli!  ihe  bulb  of  Ihc 
rcloft  was  cotnpleiely  red  hoi.  During  ihe  iiirrcafe  of  the 
beat,  a  thick  brown  oily  biiunnen  came  over,  whith  weighed 
7.50  grains;  it  was  attended  with  s  copious  pioduAion  ol 
hydrogen,  caibonaicd  hydrogen,  and  carbonic  acid,  the  whol« 
of  which  may  be  ellimalcd  al  '23.75  grains. 

C.  The  refiduum  was  black,  like  cliareoal,  and  weiglied 
17l).25  grains  ;  but,  being  ex|)ofed  to  a  flrong  red  heat  in  a 
crucible  nf  plalina,  il  burned  tviih  a  (ainl  lambent  Hanie,  and 
was  at  length  reduced  to  a  pale  brown  earthy  powder,  which 
weighed  122  grains;   fo  that  5k25  grainn  werecoufumed. 

D.  The  122  grains  were  mixed  with  210  of  pure  potaflij 
and,  as  fouie  parliclef  of  charcoal  remained,  50  grains  of  nilre 
were  added,  and  the  whole  was  ftrongly  healed,  during  half 
an  hour,  rn  a  lilver  crucible.  The  mtifs  was  then  dilTolvet} 
in  diHilled  waler,  and,  muriatic  acid  being  added  In  exccft,  Ihe 
liquor  was  evaporated  to  drynefe.  and  was  again  digefled  wilh 
muriatic  acid  rnuch  diluted  ;  a  quantity  of  pure  filira  then  re- 
mained, which,  after  having  been  expofcd  to  a  red  heat, 
weighed  98  grains. 

E.  The  liquor  from  which  the  filica  had  been  feparalcd,  wan 
evaporated  nearly  to  drytitfs,  and  added  tn  boiling  lixivium  of 
poUlb  ;  alter  Ihe  boiUng  had  been  continued  fur  about  one 
hour,  the  lii^uoi  was  liliraied,  and  a  quantity  ol  oxide  of  iroiv 
W31  ct)lk-acd,   which  amounted  to  6  grains. 

K.  Solution  of  muriate  of  ammonia  was  added  lo  the  pre- 
ceding nUrated  liquor ;  and,  the  whole  being  then  healed,  a 
copious  precipitate  of  alumina  was  obtained,  which,  after 
having  been  made  red-hoi,  weighed  15  grain*. 

Carbonate  of  (bda  caufed  ihe  preceding  liquor  (after  the 
f«pBralioii  of  alumina)  la  became  Uightly  turbid,  but  not  any 
precipilate  could  be  cnllecled. 

*  The  remaining  fpccimens  are  now  in  the  Britilh  Mufeum, 
>nd  in  the  coUcAion  of  the  KightHon.  Chailct  Giei'ille, 
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B>  [hit  analyst,  250  graint  o(  the  fchiftus  afforded. 
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217. 
Bui  the  water  and  vej;elable  matter  mufl  be  regarded  as  eslra- 
neouc;  and,  if  they  are  dedufied,  the  real  ctimpofition  of  ihc 
fchiftus  ii  nearljr  as  follows. 

Silica  ....  82.30 

Alumina  .     I2.t>l  ^^H 

Oxide  of  Iron    -        .         -  5,  ^^M 

It  evidently,  therefore,  belongs  to  (lie  family  of  argillaceou* 
fchillus,  although  (he  proporiion  of  filica  is  more  conllderabl* 
than  haa  bt:en  found  in  thofe  hitherto  fubjcdcd  la  chemical 
uialyfii. 

Tiie  fchidus  haa  not  been  nolircd  by  von  Truil,  nor  by  any 
of  ifaofe  who  have  written  concerning  Iceland ;  for  the  dale 
which  was  font  to  ProfelToi  Bergmann  by  the  former,  and 
which  is  mentioned  by  Ihc  laiter  in  one  of  his  letters,  ii  there 
exprefsly  dated  to  be  the  common  aluminous  Hate  containing 
impicQions  *. 

§  IV. 

From  the  escperimenls  which  have  been  related,  we  find  that 
the  leavet  contained  in  the  Iceland  fchiftus,  alliiough  they  are 

•  Letter  I  on  Iceland,  by  Uno  von  Troil,  p,  353. 

Mr.  Faujai  St  Fond  hai  however  defi  ribcd  a  fchiftui  nearly 
fimilar,  which  is  found  near  Roehe-Seaure,  in  ihc  Vivarai(_ 
The  flrsium  extends  ahoui  two  league);  and  ihc  only  difference  ii, 
that,  according  to  Mr.  Si.  Fond,  ihft  fchiftus  at  Roche-Seauve  i»  of 
the  nature  of  marble,  or,  ai  he  rermi  it,  argiilo-calcareoui, 
whereas  ihii  of  Ireland  is  ubdoubtedly  Brnillaceoui,  From  Mr. 
St.Fond's  actoiint,  it  does  not  apiirar  that  ilu:  vegetable  leavci 
contained  in  the  fchiftas  of  Rorhe-Scauve  have  been  chemicallj 
namined.  Rffai  tie  Gnlegit,  par.  B-  Faujai  St.  Fond,  Tome  I- 
pp,  12S  and  134. 

ireoUy 
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■ppareDliy  reduced  almoU  (o  the  flste  of  charcoal,  neverlhe- 
Jefs  reiaii)  fotnc  pari  ol  llieir  otigiiial  proximare  principlei, 
namcl}',  extrafi  and  rdin.  This,  of  ill«¥,  is  undoubledly  » 
remarkable  fafi  i  bui,  it  it  were  unfupporled  by  any  other, 
(lie  only  inference  would  bo,  that  the  fchifiiu  was  moll  pro- 
bably of  very  recent  formation,  and  had  been  produced  undei 
peculiar  circumflancea. 

1  was  defirous,  thwefore,  lo  difcover  fome  I'lmilar  cafes,  ■*!",''""' «- 
wtiich  might  ferve  as   addilional  corroborative   proofs  of  ihe  minetil  biu." 
gradual  allerations  by  which  vegetable  bodies  become  changed,  meni. 
fo  as  at  length  to  be  regarded  as  forming  part  of  the  mineral 
kingdom;  and,  from  Ihe  reafons  which   have  been  flaled   in 
the  coromencement  of  ihii  paper,  as  well  as  from  a  certain 
fimilarityin  Ihe  external  characters  of  the  fubflance  compofing 
the  leaves  above- mentioned  with  thofe  of  the  Bovey  coal, 
i   was  induced  to  make  this  laA  alfo  a  fubjeft  af  chemical 
inquiry. 

In  the  Philofophical  Tranfaftlons  for  Ihe  year  1760*,  fome  BoVcy  coal. 
remarks  on  the  havey  coal,  and  an  account  of  the  (Irala,  are 
flaled,  in  a.  letter  from  the  Kev.  Dr.  Miller  lo  ihe  Earl  of 
Macclesfield,     The  obJe£l,  indeed,  of  the  author,  was  lo  eAa- 
blifh  that  Ihis  and  limilar  fuhllances  are  nol  of  vegetable,  but  J 

of  mineral  origin;   and,  to  prove  thil,  he  adduces  a  great  M 

nacnber  of  cafes,  moft  of  which,  however,  in  ilie  prefeni  Hale  ■ 

of  natural  hidory  and  of  chemiflry,    mull   he  regarded   as  I 

proving  ihe  contrary ;  whillt  others,  meniioned  by  him,  fueh  I 

as  the  Kimmeridge   or  Kimendge  coal,    are  nothing  more  I 

than  bituminous  Hales,  and  of  courfe  aru  of  a  very  different  1 

nature.  H 

Dr.  Millet's  account  of  (he  varieties  of  the  Bovey  coal,  and  Id  biftorj.       I 
of  tlie  Hale  of  llie  pils  al  that  lime,  appears  lo  be  very  ac-  V 

curate;  and,  for   ihe  prefent  (tale,  or  at   Icail  fnvh  as  it  was  ■ 

in  1796,  1  ihall  beg  leave  lo  refer  lo  a  paper  of  mine,  pub-  V 

JJIhed  in  ibe  fourth  volume  of  the  T  ran  factions  of  the  Linnean  I 

Society  t>  ^^r,  as  ihis  is  more  immediately  a  chemical  rnvell  1 

ligation,  I  wi(h  lo  zvv'hI.  as  moch  as  poffible,  entering  into  I 

any  minute  detail  of  geological  circum  (lances.  I 

*  Vol.  LI.  p.  531.  I 

t   Obfcrvaiioni  on  biiumlnous   Subllanrea,    p.  13S.      See  alfo  I 

Parkinton'i  Organic  R«main>  of  a  former  World.    Vol.  1.  p.  laii,  M 
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II  may  however  be  proper  to  obferve,  thai  llie  Bovey  coal 
■I  laund  in  firala,  currcrpunding  in  a\mo(i  every  particalar 
wilh  ihofe  of  Ihe  liirlu rbiiuid  in  Iceland,  dofcribed  by  Von 
Tmii",  and  by  Piofctlbr  Bergmann  +.  The  difTerenl  firaU 
of  bolb  ihere  fubllaDcus  are  iikewife  fimiJar,  being  corafiofcd 
of"  ivood  or  trunks  of  Iree^,  which  have  complciely  loft  ihcir 
cylindrital  form,  and  are  perleflly  flallened,  m  if  thcy  had 
been  lubjcflcd  lo  an  Jminenle  degree  of  prclTure  $. 

Tfcr 


•  Von  Troil'i  I*lter«,  p.  15. 

[    Ofiu/ca/ii   BngnaHii,   Tom-  III-      Dt    PnUaais   Kvk. 
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*  Bergmann,  in  (he  dilTcriaiion  above  quoted,  accuratcW 
fi;rilKi  ihU  appearance  of  ihc  furturl>rand,  and  iheu  fayi, 
■ulL-m  immaaig  requiriiur  vis,  ut  truncut  cylindricui  iia  conipla- 
aour  ^  tiimae  anifa  fiartinilarvfH  »/xhs  fattedinii  ijacJam  griaia 
pietii  relaialus  f  Ccrte,  niii  compagei  quodaminado  muuiur, 
fluodlibci  poDtiui  incumbeai  huic  efTcftui  er'n  impar.  Ceieriim 
idem  obftr*a(ur  phsenomcoon  in  omni  fihflo  arplliKfu."  Thii  ii 
Ceriainly  a  very  curiuui  faft ;  and  ihe  learned  PrarcfTur,  with  bi> 
Ofual  BCUienefi,  reje£t>  ihe  idea  that  mere  weight  can  hsvr  been 
(he  caufe.  At  a  farther  proof  alfo,  he  afcerwardi  obferTe*,  *'  Or- 
thoccratitE,  qui  in  firata  eakarn  cenitam  figiatan /mUfle  firman/, 
in  fchifta  planum  fere  maagtdart  comfirtffinnr  t^ciuu.  Idem  vali-f 
ix  [nfcibut,  conchii,  infcAirque  petreCiAii."  And  again,  "  Ob- 
fervaiu  quoque  dignuni  efl,  ({t;od  idem  re/irriaiia  ffftSia,  quatnvii 
^aiam  caUareum  fub  'thifit  cilbictaiimjii,  rl  majori  tdcapaxteit  fatn- 
pTimente  anufium."  D^  ProJaSii  Felfaiiiii,  p.  LMO.  ll  it  cvidcnu 
therefore,  that  weight  alone  hat  noc  produced  ih'ii  efTcA  ;  and 
Bcrginatin'i  idea,  that  the  folidity  of  the  vegetable  bodiei  may 
have  utidrrgoiie  fotnc  previout  thatige,  in  jhc  manner  of  incipient 
puiteraftion,  by  mwllure,  and  by  becoming  heated  in  the  niai«, 
Riuft  be  allowed  lo  be  very  probable.  Btit  budJei  fuch  at  Oiell! 
could  not  be  ihui  allcfUd  |  and  ihurclbre  they  mutt  have  been  tx- 
pofed  «>  lume  mechanical  etTeA.  pec\iliar  to  argiUacniLJi  ftraiii 
which  efleA,  houcver,  from  the  cLrcumftancci  which  have  been 
adduced,  evidently  could  jiot  have  refuhed  from  iho  mere  preffurc 
•r  the  fuperincumbrui  ftraia.  To  mc.  therefore,  it  leemi  not 
very  improbable,  thai,  lo^tther  with  a  certain  change  in  (he  foli- 
dity of  vegetable  hodiei,  produced  in  the  manner  imagined  bv 
Serftnaan,  and,  logether  niih  foroe  degree  of  fuperincumbenc 
preH'ute,  a  real  and  puw erf ul  mechanical  afiion  hm  been  exert- 
ed, by  ihc  coniraAioD  of  the  arjiiUaceotu  Ilrata,  in  confequcD<c 


ON  ■iTi.MKNs,  Sn:. 

The  BoTcy  cool  ii  commonly  ofachucoUte-browni  am)  fome- EitEn^  cha- 
limesalmoll  black.     The  tjuality  and  texlure  ofit  are  variom'^'"'*'' "^ 
tn  different  flrata;  from  Come  of  ihefe,  it  isoblamed  in  the  form 
1)1'  ftratghl  fial-pieces,  three  oi  four  feel  in  length,  tefembliiig 
boards,  and  is  thecefore  called  Board  Coal.     Others  have  an 
oblitiue,  wavy,  and  undulating  texture,  andt  as  Dr.  Milles  ob*  . 

ferves,  have  a  ftrong  refembUince  to  the  roots  of  treej,  from  I 

which,  inotl  probably,  (his  fort  has  in  a  great  raeadire  been  1 

lormed. 

Some  kinds  alfo  appear  to  be  more  or  lefs  intermixed  with  ' 

earlli ;  but  that  whiih  produces  the  mod  powerful  and  laRing 
lire,  is  called  Hone  coal;   it   ii  black,  with  a  glotly  fraaure  ;  I 

bii  little  or  nuno  ot   the  vegetable  texture  ;    ii  more  folid  1 

and  compaf)  ihao  the  others,  being  almolt  a<  lieavy  as  fome 
ol  the  pit  coals,  the  nature  of  which  it  feems  very  riearly  to 
approach. 

For  chemical  examiiiaiion,  I  fele^eH  fome  of  the  coal  which 
had  a  wavy  texture,  and  rather  a  glolTy  fra^ure ;  the  quality  of 
thid  fori  being  apparently  iniermediale  between  the  others,  a«  , 

it  retains  complelely  the  marks  uf  its  vegetable  origin,  while, 
at  the  fatne  time,  it  poifelfes  every  perfe^  chaia^er  of  thii 
fpecies  of  coal. 

A.  200  grains  of  (he  Bovey  coat,  by  diftillalion,  yicldnj,  Chonlcil  e«« 
Gnini,  ""^'J'"  "* 

1.  Water,  which  foon  came  over  acid,  and  afterwards 
turbid,  by  the  mixture  of  fome  bitumen     -        •         60 

2.  Thick  brown  oily  bitumen       -         .         .        ^        2( 
y.  Charcoal 90 

4.  Mixed  gill,  confilltng  of  hydrogen, "i  ■ 

carbonated  hydcogen,    and   caibnnic  leftimated  at    29  * 

acid,  *  J 

200. 

The  charcoal,  in  appearance,  perfectly  refembled  that  which 
is  made  from  rc-ccnt  vegetables.  By  incineration,  about  * 
grains  of  yellowilli  afbes  were  leti,  which  confifled  of  alumina, 
iron,  and  filica,  derived  moil  probably  from  fome  fmall 
portion  of  the  clay  firala  which  accompany  the  Bovey  coal. 

of  deficcaiion ;  ihit,  1  beliere,  hat  aai  hiiherlo  been  much  conH- 
dered,  but  I  am  inclined,  from  many  ciicumilaaceij  (o  attribute 
to  ii  a  rer;'  great  degree  sf  power. 


aychett's  oascKVi 


But  it  u  very  luniarkible.  thai  neitlier  the  aCbci  obtained  M 
llie  diarioil  ol'  i!ie' Uovey  coal,  nor  iliu!c  ablaiiied  fro 
ihe  tcavei  ol  ihe  Itclaml  fcSiifio!,  afforded  llie  I'lDalleli  trace  of 


It  Rfemblei  the 


u 


8.  OT!  grains  of  lliu  Bovey  coal,  reduced  to  powder,  were_ 
d(gclledii.bu>[in>;U>nilledw3i'er,  which  was  aflerwardsgllral 
and  rxamined  ;  but  I  could  nut  difcover  any  figni  ol  exti 
or  oF  any  other  fubllance. 

C.  :iOO  grains  were  n,.-xldigelled  wirh  fix  ounces  of  alcghot, 
in  aveiy  low  degret;  of  ht^l,  during  tiveday«.  A  yeilowilfa> 
bruwn  tiiiclure  was  thus  loroied,  whidi,  by  evaporation,  af- 
forded a  deep  brown  lubfiance,  ))0lTelIin>;  all  (he  properlie)  of 
ri-fin,  beini;  iiiloluble  in  water,  but  foluble  in  alcohol,  and  ia 
•^Itier ;  it  alio  Ipeedily  melted,  when  placed  on  a  red-hot  iron, ' 
burned  with  much  Hamt::,  and  ecnitled  a  Iraganl  odour,  totally 
uiilikt  the  very  unpleafant  fineJl  produced  by  burning  llie  coal 
itielt,  or  by  burning  jny  of  Ihe  common  bituruiiious  fub. 
flancco.  Tiie  quamity,  however,  which  could  be  cxlrafleil 
from  20U  grains  ot  ih::  coal,  by  alcohol,  viaf.  but  fmall,  an  rC 
did  not  exceed  3  grains.  But  this  [inall  quantity  was  fuflicienl 
lliat  although  the  Bovey  coal  does  not  contain  any 
vegetable  exirafl,  like  the  Ichiflus  lurmerly  mentioned,  yet  the 
whole  ol  (he  proximate  principles  of  the  original' vegetable 
have  not  bet:ij  entirely  ciianged;  ai  afaiall  portion  of  true  rcfin, 
I  into  brtuQicn,  Hill  remains  inherent  in  the  coal, 
alUiougii  Ihe  bilniuinous  part  ii  much  the  inoll  prevalent,  and 
caufes  the  ietid  odour  whidi  attends  the  combultiuD  of  tlii> 
fubllance. 

Upon  acomparifon  of  the  general  external  charadcrtuf  (lis 
Bovey  co^l,  with  ihofe  uf  the  fubAaiice  which  forms  the  leaver 
contained  in  the  Iceland  Ichillu?,  a  very  great  refemblance  will 
be  obferved  ;  and  iliio  is  farther  conGrnied,  bv  the  finiilarity  of 
'  llie  produfls  obtained  from  eadi  of  them  in  the  preceding  eit- 
periraents,  with  the  linglc  exception,  that  the  leaves  contain 

*  Thii,  ai  far  a«  rdaiei  lo  ihe  Bovey  coal,  ha(  beeu  aUb  do* 
tieed  by  Dr.  Milks,  Phii.  Tranf.  Vol.  LI.  p.  553.  Bui  wood, 
however  long  fubmerged,  ii  noi  deprived  of  alkali,  unlefi  it  hai 
more  or  lefs  been  convened  iaio  coal  i  lor  I  have,  fmce  ilic  read- 
ing of  [hii  paper,  made  fame  eiperiments  on  ihe  wood  of  the  fub- 
merged (iti-A  31  Sution,  on  (he  coalt  of  LincolntLlre,  and  hive 
found  ii  10  cuniain  poiLilh. 

ioi 


on    BITUMENS,   See, 

fooie  vegeiaUe  exltaft,  whic:h  I  could  noldifcoverinlheBove^ 
coal.  They  agree  however  m  every  other  relpefli  as  ihey  both' 
conGft  of  woody  libre  in  a  (late  of  remicarbonisatJon,  impreg- 
nated wilh  bitumen,  and  a  Imal!  pnrtion  of  relin,  perfcflly 
limilur  lo  Ihat  tvhtcli  is  coniTiined  in  mani/  recent  vegelable 
bodies;  und  thus  it  fe&ms,  that  a^  tht.' woody  fibre,  in  ihefe 
cafes,  (iill  relains  fame  part  of  its  vegetable  characters,  and  is 
but  partially  and  imperft^fily  (.'onverted  into  coal,  to,  in  like 
manner,  li)mc  of  the  otiier  vegetable  principles  liave  only 
fufiered  a  partial  change.  Uiuloubtedly,  there  ft  every  rva- vhleh  ntofl  pr»* 
fori  to  believe  that,  iii-xt  to  ihe  woody  fibre,  refin  is  the  fub-  ^^'/h'^^J, 
fiance  which  in  vegelubles  pafling  (o  the  fofiit  Bate,  mofl  the  hHumeo. 
powerfully  refills  any  alleralion;  and  ibal,  when  this  is  at 
length  ellVfled,  ii  is  more  iiii mediately  the  fubftance  from 
which  bitumen  is  produced.  The  innancea  which  have  been 
mentioned  corroborate  this  opinion  ;  for  the  vegetable  exttaft 
ill  one  of  them,  and  more  elpecially  llie  reGn  which  wai 
difcovcted  in  both,  mull  be  regarded  at  part  of  Ihofe  prin- 
ciples of  the  original  vegetables  which  have  remained,  after 
fome  other  portions  of  the  fame  have  been  modilied  into 
bitumen. 

The  fmallnefs  of  the  cjuanlity  of  refm  obtained  in  both  the 
preceding  cjfes.  by  no  me^ns  invalidates  Ihe  pr»of  of  the  above 
opinion;  but,  as  an  additional  confirmation  of  it,  I  (hall  now 
give  an  account  of  a  verj  lingular  fubllance,  which  it  found 
with  the  Bove;  coal, 

jv. 

Dr.  Milles,  in  hi*  remaiki  on  the  Bovcy  coal,  (which  ISmsulirfui^ 
linve  feveral  times  had  occafion  lo  notice  in  the  courfe  of  ihii  "•""'"'"'' 
Paper,)  ftatei,  ihal  •' among (1  the  clay,  but  adhering  to  ibe^. ''"  *"* 
«oal,   ace   found  lumpi  of  a  bright  yellow   Ioiuh,  extremely 
tight,  and   lo  fjturated   with   pctioleum,   that   they  burn  like 
fealing  waK,  emitting  a  very  agreeable  and  aromatic  fcenl*"* 

This  fub flaiice,  1  alfo  obferved,  when  I  vrfiied  ibe  Bovey  |t  !■  t  pcculitt 
coal-pits,  in  1791.  and  HM.     At  that  lime,  however,  it  was  i"'""""- 
fcarre,  and  1  could  only  piocuic  one  fmall  fpecimen,  which  is 
now  In  the  Brili<h  Mufeum;  but,  from  a  curfory  examination  t/f 
it,  1  was  convinced  that  il  was  a  peculiar  biluminouj  fubflwice. 


■  Phil.  Tranf.  VqL  LI.  p.  336. 
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and  not  loam  impregnated  witli  pelroleum,  as  Df.  Miller  bad 
fappoled.  I  coutd  not  then  conviiniciitlj'  make  a  regular 
sDalvfis  of  it,  and  tliereluie  cuntenlcd  m} 
dercribing  it,  in  a  note  annexed  to  my  Paper  on  biLuminui 
Subllances.  • 

Lately,  however,  toy  friend  Jultn  Sheldon,  L^fq.  of  E^elcr 
F.  R.  S.  obligingly  fcnt  me  fevenil  pieces  ofil,  together  mill 
fpecimens  uf  die  diflcrcnt  kinds  of  Bavey  coal  tvliith  have  bcfll 
mentioned ;  and  thus  I  tvas  cnablud  lully  lo  atccrlaio  its  n 
nature  and  properties. 

CE&rslFTION    OF    THl    BITUMEN    t'KOM    BOVEY. 

It  accompanies  the  Bovey  coal,  in  tlic  manner  already  d 
fcribed,  and  ii found  in  majli's  of  a  moderate  Ozc. 

The  colour  is  pale  brownifh  orliraccous  ydlow. 

The  Tra^ure  H  imperfeftly  conchoid«l. 

Itajipcarseatlbly  eslcrnally,  but,  when  broken,  exhibit*^ 
fiiglu  degree  of  viircmis  luftie. 

The  fragments  are  irregularly   angular,    and  complcl 
opaque  ELt  the  edges. 

It  is  exlremelj  btillle. 

Ildoci  not  apparently  become  furicned,  when  held  Tor  Ton 
lime  in  the  hand,  but  emits  a  latni  rcfmous  odour. 

Tlie  fpecilic  gravity,  at  temperature  bj-  ol  FahriiiheBJ 
is,  l,i:!i. 

Some  fpecimeni  have  dark  fpoH,  (ligbiJv  ajiproaching  in  co- 
lour  and  luflre  to  afplialtum  ;  and  fmull  portions  ot  the  Bovey 
coal  are  commonly  inleirpeired  in  the  larger  mafles  of  tiiis 
bitumen. 

When  placed  on  a  healed  iron,  it  immedialely  meltt,  fmokei 
much,  bums  wiih  a  bright  flame,  and  yields  a  very  (lagTOnt 
odour,  like  Come  III*  the  (weet-fcented  reCns,  bur  nhicb  at  kft 
becomes  Uigblly  tainted  with  that  of  afphallmn. 

The  meltid  mafs,  when  cold,  is  black,  very  briltle, 
and  breaks  wilh  a  glolTy  Iraflure. 


,       A.  1011  grains  ot  this  bitumen,  when  diflilled  until  tbeb 
of  the  retort  became  red-hot,  alllirdedr 

'  Tranfiaioni  of  the  LLnnean  Society,  Vol.  IV.  p.  139. 


Mr  aA%At.t*i'teo. 


,  1.  W»ler  llighlly  acid S 

'  fi.  Thick  blown  oily  bitumen,  very  fimilar  to  that  which 
waK  obUined  Iruoi  tlie  Bovey  coal,  but  pofTeQing 
fligtilly  the  odour  of  vegetable  Ur      -        -        -       45 

3.  Li^hl  rpungy  co^l  -  -  •         -         -       2% 

4.  Mixedgas,  compared  of  hydrogen,  carbonated  hydro- 
gen,  and  carbonic  acid,  {by  compuialion,]  -     S9. 

The  coal  yielded  about  three  grarn«  and  a  half  of  alhesj 
which  confilied  of  alumina,  iron,  and  lilica,  wilha  trace  of  lime, 

B.  The  bitumen  was  not  atTefted  by  being  long  digeRed  in 
boilin|r  diHiltfd  water. 

C.  By  digefling  100  grains  in  lixivium  of  pure  polalli,  a 
brown  folul  ion  was  formed;  this  was  faturaied  with  muriatic 
acid,  a.nd  a  brown  lefiiioui  precipitate  was  obtained,  whicb 
weighed  21  grains. 

D.  A  porlion  was  digefted  in  nitric  acid :  at  firft,  mi 
nitrous  gat  was  evolved,  and,  after  the  digeflion  had  been  Ci 
tinued  for  nearly  43  hours,  a  part  was  di(Tolved,  and  formed  I 
an  orange- coloured  folution,  which  did  not  yield  any  prec 
tate,  when  faluraleU  by  the  alkalis,  or  by  lime;  the  tolour  onl/    ' 
became  more  deep,  and,  by  evaporation,  a  yellow  vtfcid  Tub. 
flance  waiiobLBincd,  which  was  foluble  in  water.     TheabovA 
nitric  folution  pulTt^tTed  every  propefty  of  ihofe  nitric  fiilutionl 
of  reGnous  fubllances  which  I  have  mentioned  in  a  fbrinac    ' 


E.  The  benzoic  and  fuccinic  acids  were  not  obtained  froia 
Ihit  fubflance,  by  any  of  ihe  methods  ufually  emplojetl. 

F.  Alcohol  almoll  immediately  began  to  ad  upon  this  bilu- 
meni  and,  being  add<jd  at  dllfetent  limes,  gradually  dirolved 
a  conCderable  part  of  it.  The  folution  wai  reddiHi-brownJ 
and  had  a  rc-finous  odour ;  by  the  addition  of  water  it  btcaroft  | 
Diilky,  and,  by  evapuralion,  afforded  a  dark  brown  fubllance, 
which  had  every  property  of  reiin,  whilft  the  reiiduum  left 
by  the  alcohol  polTelfed  thole  proporlies  which  cham^terizt 
alphaltum. 

The  following  analyjis  was  then  made,  to  difcover  tha  pro* 
podions  of  the  compuoenl  ingredients, 

•  PhU.  Tranf.  for  180*.  p.  US.       . 

.      OS  AWAtrut 
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AMALYStt    «r    THE    BITUMCH    FROM    SOVBY. 

A.  ]00  grain;,  reduced  to  a  fine  powder,  were  digefl^^d 
during  48  hours  wrili  fix  ounces  of  alcoliol,  the  vc/Tel  bcinj; 
placed  in  fand  moderatelv  warmed.  A  deep  reddiHi-brown 
tinAure  was  thui  obiained  ;  and  itie  opcraiion  wai  again  Iwicc 
repealed,  with  other  portions  of  the  fame  nienflruum,  until  it  ■ 
ceaCed  lo  a£l  upon  the  refiduum. 

The  whole  of  the  fpirituous  Iblulion  (which  had  been  cau- 
liaufly  decanted)  was  then  fubjeclad  (o  a  very  gradual  diftilla- 
tioa  in  an  alembic,  and  yielded  a  brown  fragant  refin,  which 
weighed  ij  giains. 

B.  The  refiduum.  which  could  not  be  dilTolved  by  alcohol, 
wasdigefledin  boiling difliiled  water,  but  ihisdid  not  aft  upon 
it ;  the  whole  was  therefore  colleCled  on  a  filter,  was  gradually 
dried,  without  heat,  by  mere  expofjre  to  the  air,  and  then 
weighed  44'  grains. 

Thefe**graini confided  ofa  light,  porous,  pale-brawn  tub- 
flaoce,  which,  being  melted,  formed  a  black,  Ihining,  bridle 
niafs.  It  burned  with  the  odour  of  afphaltum,  but  rather  lefs 
difagreeable,  owing  moft  probably  to  a  fuiall  portion  of  the 
reCn,  which  had  not  been  completely  c);trafled  by  the  alcohol. 
It  was  infoluble  in  water,  and  in  alcohol,  but  was  readily 
ililTolved  by  iiaated  fat  oils ;  and  in  every  oilier  particular  WU 
found  to  polfefs  the  properties  of  afphaltum. 

The  44  grains  of  afphailum,  when  burned,  lei)  a  reGduum, 
which  weighed  three  grains,  and  confifted  of  alumina,  filics, 
and  iron. 

By  this  analyGs  it  appears,  that  the  bitumen  which  accom- 
panies the  BoTcy  coal,  is  a  peculiar  and  hitherto  unknown 
fubdance.  which  is  partly  in  the  Itale  of  vegetable  refin,  and 
partly  in  that  of  [he  bitumen  called  afphaltum,  the  refin 
being  in  the  largeft  proportion,  at  100  grains  of  the  above, 
lueutionad  fubtlance  alfuided, 

Refiu 55 

.        _  Afphaltum  .        .        .        ,        ^i 

Earthy  reCduum  -        .        .  3 


Thus  we  have  an  iiiltanc*  of  a  fubliance  being  found  under 
fircumllatices  whichconflilutea  foilil,  although  the  charsSert 
of  it  appertain  partly  to  the  vegetable,  and  partly  totbs  mineral 
kingdom. 
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'  owiriBM'iwj,  fee. 
i  VI. 

The  powerful  aflian  wliich  alcohol  exerts  on  mod  of  (be  Eiperui 
refins,  may  juilly  be  regarded  as  lornRing  a  itarked  difiinflion  ^^'''™!^'' 
belwcen  (Iiofe  fjbAanccs  and  Ihe  bitumens.     Bui,  ai  lame  of  hoi. 
the  bilumens  are  aSed  upon  by  alcohol,  in  a  flighl  degree,  I 
was  delirous  to  afcertain  whether  a  fmall  portion  of  rei^n  was 
contained  in  any  of  Ihefe ;  or,  if  thai  was  not  the  cafe,  1  wilh- 
ed  (o  determine  the  nature  of  the  fubf^nces  which  could  be 
feparated,  although  very  fparinglj-,    by  this  menllruum.     I 
therefore  made  the  following  comparative  experiment*,  on 
(he  fofi  brown  elaflJc  bitumen  from  Derbythire ;  on  the  genu- 
ine afphaltum  ;  on  very  pure  cannel  coal ;  and  on  the  com* 
mon  pit  coal. 

100  graini  of  each  were  digelled  with  Ihree  oancet  of 
alcohol,  in  matralTes  placed  in  warm  fand,  during  live  dayt, 
fume  alcohol  being  occafionally  added,  to  fupply  the  lofs 
caufed  by  evaporaiiiin.  After  the  above- mentioned  period 
had  elapfed,  the  liquid  contained  in  each  matrafs  was  poured 
into  fepafatc  veflel'. 

r.  The  alcohol  which  had  been  digefled  on  the  elaftic  bilo-  Refulti. 
men  was  not  (inged,  nor,  when  fpnnlaneoully  evaporated,  did 
it  leave  any  film  or  llain  on  the  gbfs, 

n.  From  afphaltum,  the  alcohol  had  exUafied  a  yellow 
(injure,  which,  in  fome  filualions,  appeared  of  a  pale  olive 
colour,  and,  being  fpontaneouHy  evaporated,  a  thick  brown 
liquid  was  depoliled,  in  fmall  drops,  on  the  glafs ;  thefe  drops 
did  not  become  hard  after  two  monlhs,  and  poffelTed  the 
odour,  and  every  other  properly,  of  petroleum.  The  afphal. 
turn  had  loll  in  weight  about  one  grain  and  a  half. 

ill.  The  cannel  coal  had  communicated  a  pale  yellow  tint 
lo  the  alcohol,  which,  in  the  manner  above  defcribed,  wai 
afceriamed  (o  be  caufed  by  petroleum  ;  but,  from  the  fmall- 
nefs  of  the  quantity,  the  weight  could  nol  be  determined. 

IV.  The  alcohol  which  had  been  digefted  on  pit  coal,  had 
nol  alfumcd  any  colour ;  but,  by  fponlaneous  evaporation  •, 
it  left  a  lilm  on  the  glaft,  which,  by  its  odour,  was  alfo  found 
to  be  petroleum. 

By  thefe  experiments  we  find,  that  the  aflion  of  alcohol  on  Alcohol  tStt 
the  bilumens  is  very  filght ;  and  thai  the  fmall  portion  which  "'6'"'* '"'  *"" 

•  Sponiancout  evaporationi  by  e«pofure  to  the  air,  wai  em- 
ployed ID  ihefe  experimenii,  for  rcafoiii  which  muft  be  fuScieoily 
obvioui. 
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may  llm*  be  eilraftrd  from  fome  of  them,  n  petroleum. 
Ihefe,  the  procefi  of  bitumlnization  (IT  I  may  be  allowed 
employ  fuch  a  term)  appears  lo  have  been  completed,  whilft 
in  the  Bovey  coal,  and  efpecially  in  the  lubllance  which  ac- 
companies it,  nature  feems  (o  have  performed  only  the  half 
of  her  work,  and,,  from  feme  unknown  caufe,  to  have  (lopped 
in  the  middle  of  her  operations.  But,  by  this  ciicumftance, 
much  light  it  thrown  on  the  hidory  of  bituminou!  fubAoncet; 
and  the  opinion,  that  ihey  owe  their  origin  lo  the  organizvd 
kingdoms  of  nature,  efpecially  to  that  of  vegetaWet.  which 
hitherto  has  been  fupporied  only  by  prelumpiive  proof*,  feemi 
now,  in  i  great  meofure,  to  be  conRrmed,  allhouj^h  the  caafet 
which  operate  Ihefe  changes  on  vegetable  bodiet  are  as  yel- 
undifcovered. 

Many  iafls  indicate,  that  lime  aionc  does  not  red u 
**  mal  or  vegetable  bodies  lo  the  (late  of  fofliU.     In  Ihlt  c 
there  are  numerous  examples  of  large  quantilies  of 
(even  whole  forefls)  which  have  been  fubmerged  prior  lo  any 
(radilion,  and  which  ncverlhelefs  completely  retain  their 
neous  chara£)ers,*     Other  local  caufei  and  agents  mufl  there- 
fore have  been  reqiiiiad,  to  form  ihe  varieties  of  coat  and 
other  bituminous  fubOunce^.     In  fomc  inllances  (as  in  iha 
formation  of  Bovey  cual),  thcfe  caufes  feent  to  have  a£ted 
partially  and  tmpcrle^Iy,    whilfl,    in  the  formation  of  Ihe 
greater  part  of  (lie  pit  coals,  their  operation  has  been  exten* 
live  and  complete. 

In  the  pit  coals,  ihe  mineral  charafler*  predorainale,  and 
the  principal  vellige  nf  their  real  origin  fcems  lo  be  hilumen  ;. 
for  the  prefence  of  carbon  in  the  Date  of  oxide,  cannot  alone 
be  confidered  as  decifive. 

Bitumen,  therefore,  with  the  exuviae  and  imprellions  fo 
commonly  found  in  the  accompanying  flrata,  mud  be  more 
immediately  regarded  as  the  proofs,  in  favour  of  llie  origin  of 
pit  coal  from  organized  bodies;  and,  confidering  Ihe  general 
fafl*  which  have  been  long  obfervcd,  together  with  ihofe 
lately  adduced  relpefiing  the  Bovey  coal,  and  the  fubftance 
which  is  found  with  il,  we  (ecra  now  to  have  almoll  unqoet- 

•  Phil.  Tranf.  for  January,  1071.  Phil.  Tranf.  VoL  XIX.  J 
p.  526.  Ihid.  Vol.  XXn.  p.  9S0.  Ibid.  Vol.  XXIII.  p.  1073.  ' 
Ibid.  Vol.  XXVII.  p.  298.    Ibid,  for  1799,  p.  US.  ' 
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tionable  evideiKe,  that  bilumen  has  elTcnlialty  been  produced 
by  the  motlificaiion  of  fomc  ol  tlie  pruximale  principle)  of 
vegetables,  and  cfpecially  refin. 

Modern  chemiflry  had  comparatively  made  hul  a  fmall  pro-  Whether  they 
pefs.  when  Ihe  iliufirioin  BerEmann  puWifhed  Lis  DUTerUtion,  ^  "'  '«"«""  ' 
cntitled,  Frodiida  IgiiiiJ)tl,U  rranel  dicmkt  ciafititrula ;  for.  al  tiaa. 
Ihal  lime,  the  extent  and  poiver  of  chtniical  aflion,  in  the 
humid  way,  were  very  imperfcflly  underfloud.  In  (hat  part, 
however,  nf  ihe  above  work,  where  he  fpeak«  of  ihc  foRil 
wood  of  Iceland,  called  SurturbranJ,  he  evIHenily  appean 
doubtful  how  tar  volcanic  fire  may  have  afled  upon  it ;  al- 
though he  conceive*  tliat,  in  llie  Ibrmalion  of  it  there  has  been 
fome  conneAiun  with  volcanic  opcraliont.  His  words  are, 
*'  ituid  de  Ugno  fnffili  IJlandiig  fintimdum  fil,  ganro  in  loco  na- 
tali  cinttiHpUUori  decidundum  relint^uimuc.  Inlttrea,  ut  cum 
Kulcani  operaiionihut  nexain  credamm,  plurts  faaderit  ralionrs, 
ifuamvit  hucHJijur  inoSun  ignnrcmiu,  qafi  fiiam  textitramifue  ad* 
qtiijktrunl  li^c  Jtrata."  It  cerlainly  was  very  natural  that 
HerfTmann  (hould  eiilerlain  ihis  npiniim,  in  rLfpefl  lo  the  fur- 
turbrand;  and  it  i«  remarkable,  that  ilie  leaver  contained  in 
the-fcKilluf  lately  defcribul,  are  nf  the  fame  nature,  and  are 
founrl  111  Ihe  fdnie  country.  The  leaves  alfo  defcribed  by  Mr. 
Si.  Fond,  are  likuHilV  found  in  a  country  which,  according  to 
liim,  was  furmtrly  vulcjnic.  W«re  ihefe  fubflances,  there- 
liire,  never  found  but  in  countries  which  eiihi'r  af^ually  are 
or  were  volcanic,  we  lliould  be  aljnoll  comjielled  to  believe, 
with  Ihe  SwediOi  profi-lfor,  thai  the  operations  of  fublerra- 
neous  fires  liave  been  concerned  in  the  forraatinn  of  thefe 
bodies,  or  rather  in  the  converfion  of  them  inlo  Iheit  prefent 
flafe. 

Bm  fimilar  fubftanceit  are  found  in  countries  where  not  the  They  an  tomi 
fnialleft  vefllge  of  volcanic  effefls  can  be  difcovered.  "n**  ^„"''"^t ' "'" 
Devonfhirc  tnotl  untUiubledly  is  fudi ;  yel,  nci-erlhelefs,  ihe (^iJ""'" " 
Rovey  coal  is  there  found  finiilar  to  Ilie  furlurbrand,  in  moll 
of  (he  external,  and  (from  experiments  which  1  made  fome 
years  ago,  I  belii^ve  I  may  fay)  chemical  properties  ;  to  which 
mud  be  added,   ihal  both  thefe  fubHances  perludly  refcmble 
each  other,  by  forming  regular  liiala.* 

»  Tranf.ofiheLlnncanSodeiy,  Vol.  IV.  p.  13B.     Von -rroil't 
Letteri,  p.  42.    Ofiufiula  So^maHij,  Tom.  111.  p.  -J9. 
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Dtdoflion.  Moreover,   Ihe  h»lf  charted  appearance  of  Sovey  coal,  and 

of   furlurbrand,    cannot  be  adduced   as  any   proof,    thai  ihe 
original  vegt'iabte  bodie.t  have  been  expofed  le  (he  parlial 
effei2s  of  fublerraneeus  fire;  for,  al  this  time,  we  know  that 
Ihe  ovidizement  of  fubriancej  h  performed,  at  teafl  as  fie- 
quenlly,  and  as  effefluallj,  by  Ihe  humid  as  by  [he  dry  way. 
Il  would  ihcrefore  be  fuperfluous  here,  lo  enter  inio  an  eb- 
borale  difi  .idion,  to  prove  tliat  coal  and  bitumen,   with  much 
greater  probability,   have  been  formed  wilhdiil  the  interven- 
tion ol  (ire  ;  and  I  am  the  Icf^  tnilined  to  fay  more  upon  this 
fubjcf),  as  I  hare  already  publillied  fome  eoi>G derations  on  it 
in  a  former  paper." 
The  Mw  fuh-        Before  I  conclude,  1  muft  beg  leave  lo  obfetve,  that  ai  the 
"^"ih'rB'ovc    fut'Cance  whcch  U  found   w.ith   the  Bovey   coal   is,  in   every 
tnii  termed'"''  refpeCl,  fo  totally  different  from  any  of  the  bitumens  hitherla 
Xiinajftaliiim.  difcovered,  it  fcems  proper  (hat  it  (liould  receive  fome  {peafy^ 
name  ;  and,  as  it   has  been  proved  lo  coiilifl  partly  of  a  refikj 
and  partly  of  a  bituminous  fubflance,   I  am  induced  lo  cxll  i[£| 
Retitwjjiliakiim.f  a  name  by  which  afull  definition  of  iLSDatOHfl 
is  convened.  ^M 

Acwmnlof  tn-  I  have  lately  feen,  in  No,  RS  of  the  Journal  det  Mines,  p<  7fi|| 
"^  ^P™?*"'  an  account  of  a  peculiar  combuftible  follil,  found  near  Helbr^^ 
Com.  in  the  county  of  Mansfield,  and  liefctibed  by  Mr.  Voight,  in 

hij  FrrfucU  einer  Gr/chiclue  dtr  SltinkoliU,  iScr  JiraxtTtlcohle.  gic, 
p.  188.  This  fubftance  if  of  an  afh-coloured  gray,  pal&ng 
to  grayilh-mhile  ;  it  is  tbtjnd  in  a  bed  of  bituminous  vegetable 
earth,  which  has  apparently  been  produced  by  the  decompo- 
(ilion  of  fofiil  wood.  The  purelt  fpecimens  arc  in  the  form 
of  nodules;  Ihe  ftaCture  is  earthy  j  it  is  opaque;  fofi; 
brittle;  and  is  very  light.  When  applied  lo  the  flame  of  « 
candle,  it  burns  and  melts  like  lealing-wax,  at  the  fame  lime 
diffiiling  an  odour  which  is  not  difagreeable.  This  fubAancc 
appear.4  to  accord  in  fo  many  properties  with  the  retinal- 
phallura  of  Buvey,  that  I  cannot  but  fufpcfl  it  to  be  of  a 
£mi!ar  nature,  and  I  have  little  doubt  that,  by  a  cheminl  otf 
aminalion,  il  will  be  found  to  conlilt  partly  of  relin  >D(lpsrtft 
of  bitumen. 
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•  Tranf.  of  (he  Lianean  Society,  Vol.  IV.  pp.  141,  Sec 
f  From  ffllm,  reGa ;  and  cv^Xlfi',  bitumen. 
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Account  and  Defcription  of  an  improved  Air  Pump.     Btf  Mr. 

N.  Mendelssohn. 

To  Mr.  NICHOLSON. 
SIR, 

^^N  entering  into  bufinefs,  as  a  mathematical  in(lrument«  IntrodoAory 
maker,  I  refolved  to  make  it  my  principal  ftudy  to  introduce  ''*^* 
into  them  all  the  improvements  which  the  prefent  advanced 
flate  of  fcience,  the  nature  of  the  fubjedl,  and  my  humble 
abilities  would  allow.  Thus  I  have  begun  with  improving 
VoUa'i  electrical  lump  and  the  air-pump*  I  imagine,  I  have 
rendered  the  condrudion  of  the  latter  much  more  iimple  than 
it  ufually  is,  and  confequenlly  lefs  liable  to  derangement,  at 
the  fame  time  that  it  poffenes  a  very  great  exhautling  power. 
Give  me  leave.  Sir,  to  offer  you  a  defcription  of  (his  improved 
air-pump  with  the  requtfile  drawings.  It  is  ready  for  your  in- 
fpe6lion.  I  (hall  think  myfelf  very  happy,  if  this  ufeful  phi- 
lofophical  indrument  meet  with  your  approbation.  And  if  it 
be  fo  fortunate,  I  requed  you  the  favour  of  introducing  it  into 
public  notice,  by  inferting  my  paper  in  your  excellent  and 
(lefervedly  celebrated  Journal. 

I  am,  with  the  higheft  cfteem,  Sfr, 

Your  humble  and  obedient  fervant, 

N.  MENDELSSOHN. 

No.  50,  Surry-Street,  Black- Friars, 
Feb.  13,   1805. 

Notwithdanding  the  many  iniprovemenis  which  have  been  Defcripdooof 
made  upon  the  confljru^lion  cf  the  air-pump,  it  was  ftill  de- ^*"*^**"*« 
(irable  that  this  indrument  diould  be  more  (implified  in  its  pomp, 
roechanifm,  and  yet  poifefs  the  fame  advantages  of  thofe  con- 
firu6led  lately.     That  the  mechanical  power  of  the  pump,  and 
not  the  predure  of  the  air,  fliould  open  the  valves,  has  long 
been  required  and  already  done  by  Mr.  Cuthbertfon,  Mr.  Haas« 
and  fevcral  other  fkilful  artids;  but  may  I  be  allowed  to  remark, 
t)iat  on  reading  the  delcriplion  of  their  indrumcnts,  they  ap- 
peared to  me  to  be  too  compounded.     It  mud  be  very  dilficult 

'for 
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I  of  for  an  ex  peri  in  en  lat  philofriplier  to  dean  an  inilrament  wbich, 
'" '  being  ihus  com  plicated,  ii  not  only  tendered  intricate,  but  ii 
Bifu  difficult  to  be  pat  together  again.  Being  defitou',  there- 
fore, to  fimpliry  this  inftrainem,  I  adnpied  ihe  conllm£)ion 
lieie  defcribed,  bv  xhich  it  is  capable  "f  being  pul  logeilier 
in  leh  than  half  an  houi  when  cleaned,  and  tequtres  that 
operation  very  feldom. 

1  rubmit  to  ihejudgment  of  your  fcieiiiiHc  readers  how  farlha 
prefentinliromentanrwersilidefited  purpoCe,  1  have  rejefled 
ihat  tube  which,  in  common  air-pumps  lead^  frrHTi  the  ralvei 
to  Ihe  receiver,  together  wiih  the  cock  that  ferve*  lo  (hut  this 
pipe:  (he  receiver  is  placed  imm^iately  upon  (he  valvet, 
there  being  put  on  the  lop  of  the  cylinders,  which,  confe* 
quently,  required  ihe  racktvork  and  pinion  to  be  unHernealh. 
and  inverted  the  whole  inftrumenl.  Ste  ibe  adjoining  draw- 
ing, Ptale  VI.  wheie  A  B  and  C  D  reprfcfeiit  Ihe  two  cy- 
linders of  glal'i  ground  and  polilhed  infide.  E  ami  F  are  ihe 
two  valves  that  allow  the  cylinders  lo  cumrounicate  with  the 
receiver  O  through  two  very  fliort  canals  A  B  and  CD  f/^'S  2. 
PtaU  VII)  and  thexock  G.  Two  other  valves  ihal  open  into 
the  atmofphere  are  within  ihe  covers  t  and  k,  as  may  be  fcen  in 
Pig.  1,  where  e  tcprcfonis  oneof  iheia.  M  N  is  the  receiver- 
plate  of  glal*  ground  flat ;  P  Q  a  baiometer-gaiige,  upon 
the  plan  of  the  iirfl  Torricellian  rube,  as  the  eafiefl  lo  conDrva 
and  the  rood  in  fallible*  n  its  efTefls.  It  will  b«  found  to  be 
here  quite  out  ofihe  way,  fecure  from  being  broke  by  accideni, 
and  (he  moft  in  light.  H  K  and  I  L  are  Iwo  brafi  pillar,  ihat 
fupporl  the  whol^.  K  S  V  W  the  ulual  rackwork,  having  ■ 
double  winch  I  m,  which,  upon  trial,  will  be  found  pieftralile  t» 
a  lingle  one. 

It  will  now  be  neceflary  lo  (liew  how  thi?  pump  ncls  in 
which  it  will  be  fulticient  to  explain  the  aflion  of  one  cylinder, 
becaufe  the  oilier  is  in  all  parts  alike.  E  Is  a  conical  metallic 
valve,  from  which  a  canal  gues  through  the  coA  G  up  to  Ihe 
receiver,  as  is  f«n  in  /V-.  I  and  2,  Pial.:  VII.  where  all  ihe 
parts  are  marked  with  the  fame  letters.  E  T  is  a  (teel  rod 
going  through  a  leafhur  box  in  ihe  pifion  U.  The  lop  a(  thi' 
rod  is  fixed  to  the  valve  Z,  and  its  bottom  part  (lides  in  a 
fmall  hole  with  an  allowance  of  0,1  inch  up  and  downward, 
confequenily  ihe  valve  E  can  move  no  farther.  When  ilie 
pilioti  di-'fcends,  it  firft  opens  the  valve  by  pulhing  the  rod  to 


E  Tt  and  (he  air  frtim  (he  receiver  hat  now  fiee  aoct^O:  i 
cylinder.  When  the  pIDon  reiarns  i(  lirit  the  rod  E  T,  aiidpu 
Ibucfhuls  up  the  valve.  Then  l  he  pi  (Ion  Hides  aEain  along 
the  rod  up  lo  ihe  tup  of  the  cyliniler,  condenling  Ihe  air 
above  it,  which  air,  by  Ihe  l«ait  condenfatinn,  open«  a  valve  e, 
Fig.  2,  and  efrapes  freely  into  the  almi>r|ihere.  Thj<  lalt 
valve  has  neilher  (pring  or  additional  weight  (u  (hut  il,  but 
(huls  by  its  own  weight  (about  a  quarter  oF  an  ounce)  m 
foon  as  the  pilloii  is  arrived  lo  the  lop  of  the  cylindiir. 

The  cylindiTf  are  made  of  glafs  und  the  pifions  of  tin,  f» 
tudl  filled  (i»  ti>  be  air-tight,  uilliouftke  inierpofition  nf  any 
lealhert.  The  friAion  of  ihtfe  two  bodies  is  fmall  beyotiJ  ex- 
peClalion,  a  fufficienl  proof  that  ihey  will  be  durable.  They 
poller*  Ihe  further  advantage  of  being  capable  of  (landing  (or 
even  fix  months  after  which  titne  they  wilt  fervt  without 
being  cleaned  or  repaired,  becaufe  they  are  not  liable  lo  be 
corroded  by  the  oil  which  ihey  cninain,  an  inconvenience  too- 
general  in  biafs  cylinders.  After  all,  if  ihe  prefcnt  pnmp 
(hould  want  cleaning,  it  ii  an  eafy  operation  In  (uks  off  Ihe 
top  piece  g  h,  by  unfcrewing  the  nut;  H  and  I,  when  this 
piece,  with  all  Uie  apparatus  upon  it,  will  come  off,  Then 
each  cylinder  may  very  cafily  be  did  olf  from  the  pidon, 
wiped  out  and  replaced,  after  having  greafed  itt  inlide  with  B' 
little  of  the  cleaneft  fwcet  oil :  The  tup  \*  then  lo  be  put  again 
in  il<  place,  and  the  (wo  nuts  H  and  I  boing  fire'.ved  upon 
It,  ihe  indruuienl  ii  ready.  Neilher  rackt  or  pinion  need  to 
be  taken  out  of  their  places,  ihe  cylinders  Handing  above 
them. 

The  cock  is  conflruflud  fo,  that,  being  in  the  (ilnaiion  re. 
pieftiited  in  Fig.  I,  the  cominunicalion  is  I'peii  bi-twien  the 
cylinders,  the  receiver,  and  the  baronieter-gDuge,  and,  by  a 
quarter  of  a  revolution,  the  cylindvrn  arr  excluded,  Ihe  re- 
ceiver and  gauge  being  (lill  left  in  communication.  A  little 
Hopper  in  Fig.  3,  ground  into  the  cock,  being  open,  air  is 
admitted  lo  the  receiver  if  required. 

The  receiver- plate  ii  of  glafs  ground  flat,  as  wan  men- 
tioned before  :  this  will  be  found  preferable  lo  brafi,  becaufe 
cleaner,  and  never  ctirroded  by  acids  or  water  ;  it  will  bcJidcs 
often  prnve  very  runvenieni  in  making  cNpciiments  on  tleo- 
iricily  in  the  vacuum. 

Tb. 


LETTER    CONCEKNING    PALLADIUM. 


The  whole  inftrumonl  it  iixed  apou  a  tnthogsny  lable, 
whicli  ferves  ai  a  /land  Id  it. 

J  will  conclude  by  obferving,  that  neiilier  Ihe  employing 
of  glafs  cylinders,  or  llie  method  of  opening  the  valvet,  are 
new.  bul,  fur  aught  1  know,  thii  is  the  tirfl  inflrunient  of 
the  kind  ever  eiieculed  in  Ihis  country ;  as  likenife  the  idea 
of  putting  the  valves  at  top,  and  thus  tiroplifying  the  intlru- 
ment,  fcems  to  have  efraped  the  allentlon  of  the  eminent 
artiit&boih  here  and  abroad;  as  to  my  bell  knowledge,  it  hat 
never  been  done  or  dcfcribed  any  where.  The  metallic  pjf- 
ton;,  wilhout  leathering,  inufl  certainly  add  to  the  durability, 
and  diniinifh  the  great  Tkbour  that  ufually  attends  working  aii 
air-pump. 


Ixttef  eonccrm7»g  Palladium,  fr rmi  WlLilAM    Hvde   Woi.. 
LASTON,  M.D.  F.  R.  S-theDi/cottTcrofthatM^taUic  Body. 

To  Mr.  NICHOLSON. 
SIR, 

The»qth«         1  HE  candour  with  which  you  communicalcd  all  circum- 

^^J^''™"llances  that  came  to  your  knowledge  concerning  palladium, 

fpcaing  pal-      at  a  lime  when  the  difcoveier  of  that  fubltance  wax  yet  un- 

^i^^^"]^,*''''^ known   to  you,  demands   my  earlieft  arknowledgmeni!,  ai 

•itcMr.  having  been   the  author   of  ihofe  communications;  and  It  i« 

proper  that  I  lliould  alio  exprefs  the  faiisfafliiin  f  received  nn 

learning  the  refpeflable  tribunal  you  nominated  at  my  requeft, 

for  examining  the  merits  of  any  attempts  that  might  be  made 

to  form  that  fubl}ance  artilicially, 

Rcalbniwlirtbe      As  I  have  already  Ihewn  (in  a  paper  which  you  did  me  the 

"'''      J  honour  to  rt-print  in  your  Journal  for  January  laft,  p.  31.) 

orld    by  what   means  a  very  fniatl   quantity  of  Palladium   may  be 
•nonjinoiiny.      extraaed  from  the  ore  of  plalina,  and  as  I  have  there  e»;amin. 
ed  Ihe   fynlhetic  atlempta  to  prove  that  this  body  was  a  com- 
pound, with  a  degree  of  attention  which  1  thought  due  lo 
I  tlie  chemical  Ikill  of  the  perfon  who  propofed  them,  si  welt 

I  H4  to  the  degree  of    uncertainly  that  mull  attend  a  fubjcS 

I''  entirely  new  ;  I  cannot  now  adduce  futiher  chemical  evidence. 

■  and  can  only  add,  for  the  information  of  thofe  whofe judgment 

I  hu  been  biaffed  by  the  difficulty  of  accounting  for  the  pro. 

fc    ■■  du^ttMt 


i.^R^ 


SOS- 

duAion  of  fo  large  «  quantity  of  ptDadium  at  wai  oSlered  for 
fale,  Ihat  a  proportional  (|iiBQtity  of  pUtina,  from  which  (he 
whole  WBi  extraded,  wat  parchafed  by  nw  a  luw  yeait  fince, 
with  the  dellgn  of  tendering  it  malleable  tor  the  difierent 
purpofei  to  which  it  is  adapted.    That  obje£l  has  now  been  ' 

attainedj   and  during  the  folulion.  of  it,  various  unforefeen 
appearances  occurred,  fome  of  which  led  me  to  t)ie  difcovery 
of  palladium  ;  but  there  were  other  circum dances  which  could 
not  be  accQunled  for  by  the  exigence  of  thai  metal  alone. 
On  Ihii,   End  other  accounts,    I  endeavoured  to  referve  to 
myfelf  a  deliberate  examination  of  thole  difficulties  wliich  tho 
fubfequent  difcovery  of  a  fecond  new  metal,    that  I  have 
called  rhodium,    has  fince  enabled  me  to  explain,   without 
being  anticipated  even  by  thofe  foreign  chemifts,  whofe  at- 
tention hM  been  parlicalarly  direded  to  this  purfuit, 
I  remain.  Sir, 
Your  obliged  and  obedient  Servant, 
W.  H.  WOLLASTON. 
Feb.23.  1805. 


Short  Smiark  m  Mr.  Wat&er't  lafi  Letter  reJpeSing  Focal 
Jmaget,     /|h  C.  L, 

To  Mr.  NICHOLSON. 
SIR, 

J.  WOULD  beg  your  indulgence  for  a  very  (hort  letter,  in  C.  L.  dtcEnu 
anfwer  to  Mr.  Ezekiel  Walker.    The  only  reply  which  reemi^J;^^^^?^; 
needful,  on  the  fubjeS  of  the  temper  in  which  he  or  I  may  ing  Mr.Wilka** 
have  written,  is  that   if  his  firfl  paper  had  indicated  more  ofraffri'n'ntiwith 
the  calm  fpirit  of  philofophy,  as  well  as  of  philofophical  cor-denia'tbeFicti. 
reflnefs,  my  ohfervations  might  either  have  been  unnecelTary, 
or,  perhaps,  drawn  up  without  any  extraneous  remark.     As  it 
it,  I  do  not  think  myfelf  entitled,  nor  am  I  indeed  inclined 
to  offer  any  ftriflures  upon  his  U(I  j  which  I  leave  to  the  un- 
bialfed  judgment  of  your  readers.     On  the  prefent  occaGon, 
I  only  with  lo  adhere  to  the  experiment ».     Men  of  fcieoce 
will  fihd  no  difficulty  in  forming  a  proper  ellimate  of  oai 
reafoningi.     In  plain  language,  therefore,  I  will  beg  leave 


VSH   OP   OSBSK    VITKtOL 

iny  attention  to  the  hiftory  of  Mr.  Walker'i  experi* 
Btetits,  upon  which  I  have  animadverted,  and  to  deny  hit 
faSs.  What  may  Imve  det-eiverf  him  in  his  proceedings,  hii 
earurenicnlt,  and  hin  repeated  regiftetingn.  is  not  for  nc 
to  dircufi.  ir  he  will  fend  hi*  lenles  to  you,  and  ynu  tliould 
find  that,  under  any  (.•ircumftanoe'i  whatever  uf  dillance  ot 
poltlMn,  it  be  poflible.  by  a  mere  alteration  in  the  aperture, 
to  produce  a  difference,  as  2  to  3,  in  the  lenjjlh  o£  the  focal 
inage,  (f^e  Philof.  Journal,  Vol.  IX.  p.  )'<3.)  I  think,  it  will 
beincuml>eni  iip<in  us  lo  re-examine  allihe  ladianil  demonftn- 
tiont,  of  wlial  we  have  hitherto  been  in  (he  liabil  of  calling 
(be  tcience  of  opljcs,  in  order  to  reconcile  them  with  fo  llrwge 
a  reluli. 

I  am.  Sir, 

Your  obliged 

C.  L. 


XI. 

A  Comvumicatinn  on  the  Vfe  qf  Grtm  Vitriol,  or  Sulphalt  t^ 
Iron,  01  a  Manure;  and  on  the  Fficacy  of  paring  and  bwn- 
ing  depcitdin^,  partly,  on  Oiidc  q;'  Iron,  By  Geobo 
PgiIKson,  M.  D.  Honorury  Member  <if  the  Board  ofAgti- 
eulture,  F,  R  S.  Pnm  a  CoiHnunicalion  made  by  Aim  (o  iIk 
Board,  aid  ii'jirled  in  the  fourth  Volume  of  llieir  Tranjb^imu. 

S«Iph.w  of  iron  I  TAKE  lea 

.•  count  ol'  a  fulilldnc 


Iiitlicrtotuppofed 


o  lay  before  thii  Honourable  Board,  t 
a  manure,  which  I  find,  on  exf 


on,  \i  oLiu  III  the  tilings,  hitherto  univerfally  believed  to  he 
a  poifon  to  vcgelables,  Haviiig  sfcertainod  ihat  tbii  fubflaiice 
h  what  U  communly  known  bj  the  name  ol  vilriol  of  iron  (ilie 
lulphate  of  iron  of  the  ehemillt},  inveterate  Opinion  prevented 
me  for  fume  lime  from  accepting  ihu  leltintoiiy  of  il  at  a  ma< 
nure;  but  feeling  ihc  weight  o(  ihe  rcfpeflable  evidence  by 
whom  it  was  atlefted,  after  confuleration  I  perceived  that  the 
fafl  in  quellion  was  not  at  Variance  with  eAabiitlied  pr inciplet 
of  vegetable  phitofnphy,  as  1  (hall,  I  think,  inake  appear  iu' 
tliii  commuiucalion. 

My  friend  John  Williams  Willaumc,  Efq.  of  Tingritb  in 

Bed  lord  Hi  ire,  having  defired  im  brother,    Charlct  Dymoke 

Willauine,  Efq.  to  alk  my  opinion  of  a  falinu  fubllaDce  col- 

kdted 


A%    A    MANURE.  |K)7 

le£led  from  peat,  which  has  been  ufed  with  profitable  coafer 
quences  as  a  manure  in  his  neighbourhood ;  I  prppofed  a  fet 
of  queries  to  Mr.  John  W.  Willaaroe,  the  anfwers  to  wbidi, 
in  the  two  following  copied  letters,  comprehend  the  evidence 
1  have  to  offer. 

LETTER  No.  I. 
To  Dr.  Pear/on,  from  C.  D.  Willaume,  Efq. 

My  dear  Sir, 

I  RECEIVED  the  inclofed  lad  Saturday,  and  hope  the  an-  Letter  of  inlbr^ 
fwers  to  your  queries  will  be  fatisfadory,  and  tend  to  elucidate  jm^"!****^^^ 
this  curious  fubjed.     Though  the  anfwers  under  the  article  4ufi  duft. 
only  relate  to  your  queries,  yet  my  brother  has  thought  propec 
to  advert  to  the  ajhes,   which  you  conceive  to  be  a  caput  mor* 
tuum ;  but  which  have  been  ufed  as,  and  have  been  fuppofed 
to  be,  a  beneficial  manure  from  time  immemorial.    I  have  re- 
ferved  a  piece  of  ihe  peat  from  which  the  afhes  are  produced, 
and  if  you  would  wifb  to  anal  v  fe  \i,  I  will  fend  it  you.     Fa- 
vour me  with  the  refult  of  your  future  inquiries  on  this  fubjeft, 

and  I  am. 

My  dear  Sir,  your's  very  fincerelyt 

Walham  Green,  C.  D.  Willaume. 

Aug.  24,  1801. 

LETTER  No.  IL 
From  John  W.  WiUaume,  Efy.  to  C.  W.  Willaume,  Efq. 

Queries  propofcd  by  Dr.  Pearfon. 

1 .  How  long  has  the  fait  of  peat  been  ufed  ?  Queries  refpea- 

2.  How  much  per  acre  is  laid  on  ?  '^K  Wtof  pett. 

3.  On  what  kind  of  lands  ? 

4.  The  effeds  of  it  on  vegetation  ? 

^.  Whether  it  is  mixed  with  dung  manure,  or  lime  ? 

6.  In  vyhat  parts  of  the  country  has  it  been  employed  ? 

7.  Any  other  fads  which  can  be  colleded  relative  to  the  ufe 
ef  this  fubdance  ? 

In  anfwering  the  above  queries,  I  (hall  divide  the  fubjed 
into  three  articles«  1(1,  thej^arconddered  as  an  objedof  fuel; 
^d,  the  q/k# ;  3d,  the  fait  of  peat,  or  dufi ;  the  two  laft  as 
oBjeds  of  manure.  ^  « 


not  I.  Ptnl.  Thepcat,  wliicli  is  foundafler  ih^  removal  of  tJ;e 
lurf  oi  eMcrioi  fuiface,  to  about  a  fpadeS  deplh,  has  long 
been  Itnowii  as  an  article  of  fuel.  Il  is,  however,  ufed  only 
by  colUgiTS,  who  barn  il  un  a  brick  hearth ;  il  has  been  re- 
jefled  from  Ihe  padour.  the  kilchen,  ihe  bfewhoule.  8:c.  as 
being  injurious  lo  gratos,  and  lo  all  forts  of  velTels  put  on  il ; 
it  cannot  be  employed  in  ihe  roafling  of  meal,  as  il  will  im- 
part a  difagrecabie  lafte,  and  it  is  deftruflive  of  all  forts  of  fur- 
niture by  the  effluvia  ivhich  it  emits,  or  by  Ihe  duU  or  albes 
which  ma-,  chance  lo  be  blown  from  ft.  If  ihefe  difagteeable 
confequences  couM  be  obviated,  it  might  lie  made  an  article 
of  general  confumption  as  a  fubflilule  for  coal,  much  to  the 
advantage  oF  the  feller  and  confumer;  it  is  dug  out  in  Ihu 
form  of  a  brick  to  a  certain  deplh,  well  knowo  to  the  common 
labourer.  Thti  deplh  muft  be  carefully  attended  to,  lef}  you 
Ihould  cut  out  (he  Aaple,  in  which  cafe  it  would  never  be  re- 
trieved; but,  Ihis  circumllance  attended  lo,  il  will  grow 
again  to  Us  former  ftale  in  the  fpace  of  fifteen  years.  Tliui 
Uie  whole  raonr  i%  divided  into  proper  portions,  and  periodi- 
cally cut  once  in  fifteen  years. 
InaOui.  2.  A_lkei.     The  larf  or  furface,  and  fuch  parts  of  the  pest 

as  do  not  appear  lo  be  of  the  bell  quatily,  are  laid  up  in  con- 
fidcrable  heaps,  and  reduced  to  aflies  by  ihe  aAioo  of  fire. 

jjnfucr  lo  auerits.  M 

Arifwcn  to  ihe        '  ■  "^^^  att\Ks  have  been  long  kncwn  as  a  manure,  and  dtH 
quftiei  u  lo  the  demand  is  on  the  inercafe. 

°    "'  1.  The  quaiUily   ufually   laid   on   an  acre,  by  fpreading  or 

fowing  it,  is  lifly  bufliel;,  eiilier  on  giafs  or  arable  land. 

'J.   It  is  laid   on   hot   laud.       By  hot   land,   we   underhand 
fandy,  gravelly,  chalky   foils  of  a  dry  nature,   fuch  as  are 
'  burnt  up  ou  the  long  continuance  of  hot  weather.     It  is  muft 

commonly  ufed  forgrafles ;  but  is  in  confiderable  elieem,  as  a 
I  manure,  for  oats  or  barley  on  land  of  ihe  nature  above-men- 

tioned. 

4.  The  vegetable  eflfeft  is  furprifing,  inafmuch  as  il  wilt 

double  or  treble  a  crop  of  any  new  fown  grafs,  fucb  as  trefoil, 

&c,     1  have  feen  Hie  benefits  arifmg  from  it  on  old  paftnre 

land  much  overgrown  with  niof-i,  which  il  effefluaHy  deflroys, 

*  and  prnJuce*  in  its  Head  wLiie  or  Dutch  clover.     You  may 


At    i 


UAVVKi, 


(race  lo  an  inch  ihe  cefTBlIon  and  recommencemeDl  of  ihii 
manure.  It  is  obrervabJ?,  ihat  near  the  fire  heaps,  aa  lar  ai 
llie  wind  can  carry  tlie  lighter  parts  of  Ihe  aftie.',  the  produc- 
tiuji  ui  clover  is  Ture  tcj  be  abundant;  it  is  equally  favoaiable 
lo  ihe  growth  of  barley  or  oats. 

5.  It  is  not  mi<(ed  with  lime,  or  any  oilier  manure. 

6.  Tliefe  aftiei  are  bought  by  a  fet  ot  higler^,  who  carry 
tliem  in  bags  loaded  un  afTes  to  a  conllderable  didancp,  wliere 
Ihey  are  known  to  be  in  great  repute ;  ihey  rauft  come  exref- 
fively  dear  lo  the  confutner  by  lliis  mode  of  conveyance.  The 
farmeis  in  the  vicinity  fend  for  them  in  waggoni,  particularly 
Mr.  Brumigcr,  near  Sundori  in  Bedfurdlhire,  a  confiderable 
and  intelligent  farmer,  who  increafes  his  confumption  everjr 
year,  both  fur  hi;  graf^  and  arable  land, 

3.  Tin  Sail  qf  Peat,  or  Dufi, 

Aiyatr  to 'ilucnrs. — I.  The  duft  or  gray  falioe  fubflancels  Anfmnrcfptai 
produced  by  healing  the  eanh  containing  thi<  Talt  to  a  pow-  '"»  ""  '^^'  "^ 
der  ;  it  ii  found  in  particular  fpols,  not  univerfally,  the  earth 
not  being  equally  impregnated  with  it  in  all  pieces ;  it  has  not 
been  known  as  a  manure  above  fijt  jeari ;  but  on  trial  greatly 
increafes  in  reputation  and  demand. 

2.  Fifty  bulhcis  ate  ihe  proper  quanlily  per  acre,  Thii 
(hould  not  be  exceeded,  for  if  it  be  laid  on  in  tuo  great  abun- 
dance,  il  may  prove  eKlremely  deleterious. 

3.  Il  is  bfed  for  cold  landn.  By  cold  lands  we  underlland 
clayey,  or  any  wet  grounds. 

4.  It  will  much  improve  ihe  vegetation  of  fowed  gralTes, 
and  old  paflnre,  and  is  equally  favourable  to  the  produdion  of 
corn  ;  the  ground,  whether  gtafs  or  arable,  being  of  a  cold 
nature. 

5.  It  is  not  mixed  with  lime,  or  any  other  fubflance. 

6.  The  duA  is  likewife  bought  by  the  higlerc,  and  carried 
lo  great  diftonces.     The  nearer  farmers  likewife  fend  for  the 

dad  in  wagguni,  particularly  Mr.  AnDic:,  of  Dunllable  Hough-  > 

tan,  and  Mr.  Smith,  of  SundoHi  who  hold  this  manure  in 
great  eflecin. 


Your's.  &c. 


JiHgrith,  Aug.  19,   1801. 
Vol.  X.— Makch,  1805. 


J.   W.    WlLLAUMB. 


:  or  OBBCw  yn-Rroi, 


Di.  Ptir&n'. 

chemical  ciuni 
nitloo  at  bit  B 


I 


Dr.  Ptarjbn''  Eipcrimenit,  Ob/erratloni,  and  Remarks  pit  tife "~ 
Stibfiance  called  Salt  of  Femt,  or  Z^ji. 

1.  It  is  a  blatkilh  gfajt  toarfc,  and  ralliet  heavy  powder. 
'Hat  no  rmeil ;  laHes  flroiigly  ll\plic;  readily  dilToIves  in  ihe 

moulh ;  did  not  deliquefce  on  exporuic  to  the  air. 

2.  DitTolves  in  Tom  times  ils  weight  of  water  of  the  lero* 
peratarc  uf  (ixtv  degrees  of  Fahrenheit,  and  in  twice  its  weiglit 
of  boiling  hoi  water,  giving  a  pale  greeo  caloitr»d  folution, 
with  a  Iriiting  fedimenl,  which  is  infolable  in  muriatic  acid. 

■i.  To  the  Tolulion  (2)  1  added  a  little  hquid  prufljateor 
▼egetable  alkali  in  a  perfeflly  neutral  flale,  which  occafiunrd 
hnmcdialely  a  moll  abundant  precipitation  of  prufljalc  of 
iron ;  and  ihi;  tcft  was  added  gradually,  till  no  further  precipi- 
tation to«k  place, 

4,  Into  the  decanted  and  filtrated  Ruid  (S)  wa%  pouied  li- 
quid caullic  volatile  alkali,  but  without  inducing  any  change. 

5.  Into  the  fame  Ru id  (3)  wa^  poured  liqujd  carbonali  of 
vegetnble  alkali,  which  produced  a  fcarcely  perceivable  cloady 
appearance. 

II.  Into  the  folution  {%)  via  dropped  lh«  aqueous  folution 
of  muriate  of  baryl,  which  occafioncd  immediately  a  milky 
appearance, 

7.  To  the  folution  (3)  1  added  the  oxalic  acid,  and  turbid- 
neft  enfued, 

3.  A  little  of  the  powdery  fubdance,  railed  the  fait  of  peat. 


;anccnlrated  fulplii 
funics,  nor  fmell. 

y.  The  folution  (2) 
grew  thick  and  white  as 

10.  The  folution  {2) 


.  produced   no  emiHioi 
muiiaTe  of  baryt,  iramediatelj 
atbonateof  potalh,  deposited  a 


»erj  copious  grecnifh  fedimenli  and  the  fame  etTefl  enfued 
with  cauliic  volatile  alkali. 

II.  The  folution  [2)  with  oxalic  acid,  gave  tnftanlly  a  very 
lurbid  bluilh  green  precipitation. 

The  preceding  experiments  raanifefted  that  the  ptiUjiiU  con- 
fiilmi  Jaiphatc  nf  iron,  vulgarly  called  green  vitriol  of  iron, 
■nixed  with  a  very  minute  proportion  of  lilicious  earth,  and  of 
lime  Hniled  either  to  fulphuric  acid,  or,  to  carbonic  acid.  But 
the  prelence  of  the  eartiis  sjagnclia  and  argill;  the  uncom- 

bined 


bined  alkalies;  the  uncombjned  acid;;  are  by  tbefie  experi- 
menis  excluded.  In  Diorl,  the  fait  of  peat  U  almoA  l>iite  J'ld' 
phale  tif'^iron. 

1 .  7'he  fall  of  peat  is,  1  apprehemi,  dtpofitcd  by  evupo^  SjIt 
ratiiHis  wliich  run  over  the  aioom,    where  it  ii  iound;  andF'" 
hence  I  (hould  citpe^  many  of  fuch  waitTs  10  be  (Itangl)'  im- 
pregnated with  it,  and  in  many  parts  the  foil  to  be  tinged  red 
tuid  yellow  by  othre.     Very  liki:ly  *  on  enquiry  itiui;h  iron 
pyrites  will  be  found  on,  or  near  the  moors. 

2.  The  quantity  fpread  on  bnd  is  laid  lobe  fifty  buQiels  per ''^^■"ntlVB' 


re,  whith  I  eilio 
e  nearfcven  ounc< 
lanlity  be  applied. 

This  is  I 


0  pounds  avuirdupoife ; 
Ilia  half  per  fqu  are  yard,     if  a  larger 
obferved  it  will  prove  extremely  de- 
bIIo  oI  every  other  manure,  lucb  ac 
ne  fait,  nay,  of  Ihedung  of  animals; 
quantities,  they  paifim  planti,  in- 
equaliy  true  in  the 
luken  as  food,  oc 
lain  quan- 


let 

lime,  alkaline  falts 
for  if  Ihey  be  ufed  in 
(lead  of  promoling  their  growth. 
animal  kingdom  ;  for  there  is  not  an  article  lul 
as  feafoning,  which  is  not  a  poifon,  if  taken  ti 
tiliei.  A  human  crenlure  may  be  poifoned  or  alimented  by  v 
beef  or  podding,  according  to  the  quantity  of  them  taken  '"'**  c"f  ""''^  fljj*'ij 
the  (tomnch.  He  may  be  poil'ooed,  or  iiave  digcDion  greatly  condiincatidfe 
aQIHed  by  fall,  or  pepper,  according  (o  their  quantity,  lit*" 
brief,  the  vulvar  notion  of  Iha  term  poifun  is  erroneoui  i  ioi 
by  ii  IS  conceived  that  fubllances  fo  called  are  in  their  nature 
pofuively  definitive  of  life ;  but  the  truth  is  that  the  moft  vi- 
ruletit  poil'ons  are,  in  all  realbn  and  la£l,  (inly  deleteriotis  ac- 
cording to  the  quantity  applied.  White  arlenic  fwallowed  in 
the  quantity  of  ten  gruins  or  lefs,  will  defltoy  life ;  but  in  tha 
t]uanlity  of  one-lixleenth  of  a  grain,  it  is  as  harmlefs  ai  a  glafs 
of  wine;  and  further,  in  ihat  dufe  is  a  remedy  fur  inveterate 


ihefe  confideralioi' 
con  trad  iflory  evidc 


)n elude,  til 
■J  (he  lelli 


t  there  i 

for 


•  "  This  ii)"  fiji  Mr.  Willaume,  "eKaSIy  the  faS.  This  ful- 
phaie  of  iron,  the  Ijlt  of  ptat,  during  the  heat  of  die  fummer  it 
frequently  found  in  a  chryftalited  ftatc,  very  while,  and  crackling 
under  the  fecti  but  it  deliquefccnt  m  that  form,  sndtumi  to  JTl 
former  dark  colour  when  the  air  become*  moift." — Nttt  ij  Mr.  Jt 
W,  WiHaum. 

P  3  lillixtng 


filiztng  eB«ft  of  Tulphile  t>f  iron,  nnlcfs  by  focii  rontrsvcnmg 
evidence  the  quantity  ftalerf  lo  be  ufed  exceed  tifty  buthels  per 
■ere;  it  being  an  eflablidicil  Ia6,  iliat  in  cerlajn  proportion* 
this  metallic  fait  is  n  poiron  lo  plains. 

Tliis  difoovcry  ol  Mr.  Willaume  will,  I  ibrnlt,  Rive  new 
liglil,  To  nx  to  explain  fully  ihe  nttUmalt  of  Ihe  improvement 
of  land  by  ihe  bainl  earth  and  afhes  from  paring  and  burning, 
ll  it  uroa!  lo  account  for  Ihe  effefls  of  Ihi*  piocefs,  by  refer> 
ring  to  ruppofedalkaliiit  or  other  falls  1  bul  of  ihefe  ihere  is  no 
evidence,  nay,  or>  irial  I  Imve  nut  deleted  them,  or  at  icall 
not  in  any  efiicicnl  qu.mtily  ;  but  Uiii  I  know,  that  fuch  earth 
and  elhes  conlain  oxide  qf  imn,  and  ai  I  fufpefl  n{  mimganrji  ; 
which  from  the  ana);  fis,  and  ihi.-  efTea  of  fall  of  peal,  mull 
now  be  admitted  inio  the  clafa  of  manures.  This  very  com- 
munication of  Mr.  Willaume,  afibrds  evidence  of  the  truth  of 
this  conjeflure,  for  Ihe  a/Hes  <^  iht  peat  which  affiird  the  fidl 
"  have  been  long  known  at>  a  manure,  and  Ihe  demand  is  on 
the  increafe:"  of  courfe,  thefeaChes  contain  an  unul'ual  quan- 
tity of  oxide  of  iron.  A  con[c<iuence  of  ihin  (eafoning  i^ 
that  Ihe  burnt  earth  of  foils  will,  lalenn  panbia,  fertilize  in 
proportiun  lo  the  oxide  of  iron  it  toniains.  Accordingly  the 
■  Die*  of  the  peat,  lays  Mr.  VVillaunie,  have  a  furprifing  ef- 
{e&,  they  "  will  double  or  treble  a  crop  of  anv  new-fown 
grafs  fuch  as  trefoil,  &c."  they  are  fo  beneficial,  llial  in  fpile 
of  the  expence  they  are  carried  in  bags  by  liiglers  to  great  dif- 
lancei.  It  would  be  extending  Ihii  paper  beyond  the  propofed 
limits,  to  reafon  al  a  greater  length,  and  lo  make  a  furlherin' 
dudionof  fa6ls:  therefore  I  will  cliife  wilh  alTerllng,  thai  lb« 
more  1  coniemplale  the  fafls  in  Mr.  Willaume's  tetter,  the 
tnore  evidence  i  perceive  for  ihe  truth,  thai  meiallic  falls,  and 
metallic  oxides  in  general,  and  falls  and  oxides  of  iron  in  par- 
licular,  are  manure*,  it  applied  in  proper  dofei, 
iiati  I  *^u  no'  tliM\(.  it  is  wiihin  ihe  delign  oi  this  paper  lo  make 
iteupon  obfervations  on  the  anfwers  to  the  2d,  3d,  4lb,  5lh,  and  6th 
'mdC  'tjHwie*.  except,  once  for  all  defiring  ihai  it  may  be  under- 
«  reafM-  flood,  that  1  conlider  the  Jlilt  nf  peat  and  iht  ajhei  ijf  peat,  as 
operating  in  promoting  vegelaiion  aiiatagoui  lu  fealoi 
condiments,  laken  with  Ihe  food  of  animals  j  that  i<,  aii 
lo  muflaid,  cinnamon,  ginger.  &c.  which  are  not  of  Ihea 
felvet  at  all  or  necelTaiily  nutriiiou*,  bul  conlribute  it 
other  things  nulritiuus,  by  exciting  Uie  adion  of  tbefiuia 


■nd  Dlher  organs  oF  di^enion  and  slHouilalion.  I  have  no 
doubt  of  the  truth  of  the  propofilion,  that  no  Mving  ibin^. 
neilher  plant  nor  animal,  can  grow  and  live  in  a  Hate  of  viO- 

ble  aflion  without  coiillani  lupplies  of  mailer  which  hat  been 
ahve;  ip  other  words,  living  animals  and  vegetables  can  only 
live  on  dead  animals  and  dead  vegetables.  No  plant,  nor  ani- 
mal has  ever  been  known  by  experience,  nor  in  the  nature  of 
things  does  it  Teem  reafunable,  that  ihey  can  be  nouriAied  by 
mere  water  and  pure  air,  ai  Ibine  perfons  have  alferted, 

I  fhall  make  a  lew  remarks  on  the  other  Iwofiibfianoes  which 
are  the  fubjefl  of  Mr.  Willaume's  letter. 

2.   The  Peat. 
The  peat  is  a  denfe  mafs  of  vegetable  matter  for  a  certain  Chemieil 
depth,  pailly  in  a  dead  and  paitly  in  a  living  flaie,   with  which  ™''' '"'  ?** 
is  mixed  more  or  lefi  earth,  and  in  burning  it  afiords  To  much 
einpyrcumalic  oil,  as  to  give  a  difagreeable  tatle  to   roailed 
provifioni;  hence,  as  we  are  told,  it  has  been  rejefled  from 
the  tilchen.     This  fuel  affords  a  waft  quantity  of  what  the 
chemifti  call  lig'iic  acid;  hence  it  it  rejefled  alfo  from  ibe 
parlour,  as  very  detlruAive  lo  ihc  grates,     i  beg  to  fuggett 
that  this  ligiitc  acid  might  be  Uved  in  burning  ihe  peal  as  fuel, 
and  be   ufud   fur  vaiiuus   purpufei   in  manulaciures;  and  Ihe 
charted  peal  may  be  ufed  in  place  of  charcoal  of  woikI.    Pro- 
bably too  other  ufeful  products  will  be  found,  on  examioing 
ihe  malteri  more  accurately  which  are  afforded  by  dillillatign. 

3.  Jjhet. 

If  the  peal  were  mere  vegetable  matter,  Ihe  aflies  afforded  The  lOie 
by  it  would  be  as  trifling  as  tliofe  of  wood;  but  Tome  parts  of"" 
Ihe  moor  contain  fo  much  earth  and  oxide  of  iron,  as  to  leave 
behind,  on  burning,  a  conliderable  quantity  of  incombullible 
malteri  and  fuch  kind  of  peal,  we  are  told,  is  not  ufed  as 
fuel ;  bul,  after  burning,  the  refiduary  matter  is  an  efficacioui 
manure,  much  more  To  than  is  commonly  afforded  by  paring 
and  burning.  The  alhes  are  more  red  and  more  leriilizing 
Ihan  afties  of  common  lurf,  becaufe  they  contain  more  iron. 

The  fponlaneous  fpringing  up  of  while  clover,   in  land  ma-  produce 
nured  with  ihele aflies  is  finnilar  to  the  fponlaneous  growth  of  "='""■ 
this  plant  on  heath  land,  which  has  been  covered  wilh  lime  to 
deDroy  all  ilsprefent  vegelalion  ;  and  this  fad  Diews  that  pro- 
bably 


bably  there  are  feedi  buried  in  ihc  earih  for  many  «ge«i  whH 
yeliemain  alive,  but  do  notgrow  unLil  exporcd  lo  the(}in 
of  air, '  walw    calorific,    and  lifelefj  animal,  or  vegeull 
n)  alter, 

(  To  be  concluded  in  our  next.) 


Oduffian  ftMsd 
AccDm'i  che- 


Ltllerfrom  Mr.  Accum.  rtifptaiag  an  Error  f.atci  t»  a!'Jt^ 
Ids  PraSical  Chtmijiry. 

To  Mr.  NICHOLSON. 
SIR,  Complaa-SirM,  ■ 

M.ie,  ISOS. 

VV-.  F.  C.  cenrure*  me  in  your  Journal,  No.  33,  page 
103,  of  not  having  given  In  my  book  on  Praflical  Chemiftry 
"  Th»  meant  of  preparing  either  nitric  acid,  or  niirate  t^p«toJh, 
or  rather  having  Jialed  them  by  implicatian,  tis  incapable  of  beiag 
produredbif  art."  The  fidelity  wilh  which  you  have  laid  hii 
tenurk^  before  the  public,  encourages  me  lo  hope,  llial  with 
equal  impariialily  you  wrll  alioiv  me  to  appear  before  (he  fame 
Ifibora!,  in  order  lo  plead  lo  ihi!  accufalion  not  cuiLT*. 
For  ihe  method  of  obtaining  nitric  acid  fiom  iu  conllilLent 
principles,  W,  F.  C.  may  read  in  the  Vol.  I.  page'il  I. 

In  order  10  lei  the  judictout  readers  who  are  not  in  poITeffion 
of  ihe  work,  judge  f(ir  Ihenifelves,  I  beg  leave  lo  lay  belcre 
them  Ihe  meihod  there  pointed  out,  which  literally  runs  ihut : 

"  Take  a  barometer  tube,  the  diameter  of  uhich  it  tibotil  ^  part 
of  an  inch.  Shut  one  of  tti  ertremitief  with  a  cork,  through  (*e 
middle (f  lehich  pajpra  a  ftnallwre  with  a  ball  of  melal  al  each 
end.  Fill  the  tube  wilh  mereury  and  invert  it  into  a  bajitn  of  tbit 
fikiii.  Throw  up  into  thiftube  as  much  of  a  miilureof  \2 parit 
«!/■  nitrngei)  ^lu,  and  87  parli  of  oiigen  gas  in  viiU  fill  3  iaehes. 
TirVHgh  this  gat  by  nietms  qf  the  ti'ire  in  the  cork  pafi  a  number 
of  eleSiric  _l)«lrh ;  the  volume  of  the  gat  grudaaliy  dtmimjhei, 
and  in  its  place  will  be  found  nitrom  ittid."  • 

•  Nilraui  arid  don  not  differ  from  mlHc  Mid,  in  tompofition,  but 
merely  by  the  aJmixlure  of  nitrous  gat.     See  the  boot  under  i 
jideiatian,  Vol.  JI.  p.  2tjt. 
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It  appears  that  W.  F.  C.  has  not  noticed  thefe  lines.  The 
produdHon  of  nitric  acid  by  fynlhefis,  being  here  clearly  fialed^ 
his  animadverOon  relative  to  that  fubjeA  falls  to  the  ground. 

To  exculpate  myfelf  from  his  further  accufation,  namely,  of^thereiplint-  ^ 
not  having  noticed  the  produdlion  of  nitrate  of  potafti  by  arti- 
ficial means,  or  rather  having  Hated  it  by  implication,  will  be- 
come equally  erroneous,  on  reminding  him,  that  the  method 
of  preparing  this  fait  artificially  is  pointed  out.  Vol.  IL  page 
287,  thus,  *'  Nitrate  of  potajh  nuufbt  prepared  by  neutralizing 
carbonate  qf  potajh  wiHi  nitric  acid,** 

From  what  has  been  dated,  it  is  obvious  that  W.  F.  C/s 
remarks  are  not  corredt,  for  both  the  methods  of  obtaining  ni- 
tric acid,  and  nitrate  of  potafl)  are  corredlly  given,  and  not  by 
implicationf  as  W.  F.  C.  appreliends. 

I  have  the  honour  to  be.  Sir, 

Your's, 

FREDERICK  ACCUM. 


XIII. 

Procejfts  for  obtaining  a  durable  and  fltjierior  Lake  from  Madder,     " 
Bif  Sir  H.  C.  Englkfield,  M,  P.  F.  R.  S.* 

JL  HE  want  of  a  durable  red  colour,  which  (hould  pofTefs  Introduftloni 
fomething  of  the  depth  and  tranfparency  of  the  lakes  made 
from  cochineal,  fird  induced  me  to  try  whether  the  madder 
root,  which  is  well  known  to  furnifh  a  dye  lefs  fubjeft  to  change 
by  expofure  to  air,  than  any  other  vegetable  colour,  except 
indigo,  might  not  produce  fomething  of  the  colour  I  wanted. 

Several  of  the  mod  eminent  painters  of  this  country  have.  Madder  laket 
for  fome  lime,  been  in  the  habit  of  ufing  madder  lakes  in  ^^^tttdr^ii  but 
pictures :  but  the  colours  they  poffefTed  under  this  name  were  they  weitUd* 
either  a  yellowifh  red,  nearly  of  the  hue  of  brick-dud,  or  a 
pale  pink  opake,  and  without  clearnefs  or  depth  of  tint,  and 
quite  unfit  to  be  ufed  in  water-coloured  drawing,  which  was 
the  principal  objedl  of  my  fearch. 

My  fird  attempts  were  to  repeat  the  procefs  given  by  Mar-  Mirgrtf^i  pw« 
graf,  in  the  Memoirs  of  the  Academy  of  Berlin  :  but  the  co-^^^J^^* 

*  From  the  Tranfa6(ions  of  the  Society  of  Arts,  who  voted  the 
gold  medal  in  honour  of  this  difcovery*     1804. 

lour 


DDSABLE    ANb    SUPERtOK    LAKE, 

lour  produced  by  ihU  mode  was  oF  a  pale  red,  and  very  opale, 
although  ihe  emmentauthor  of  the  proceis  flale*  the  colour  he 
produced  lo  be  that  o(  "  U  fangenJUimmi,"  which  piobably 
means  a  deep  blood  colour.     It  may,  however,  be  obferved, 
thai  colours  prepared  with  abafis  of  alutnine  will  appear  much 
deeper  when  ground  in  oil  than  they  do  Id  the  lump,  the  oil 
rendering  ihe  alumine  nearly  Iranfparent.     This  advaniage  is 
however,  loft  in  water-colours.     On  examining  ihe  refiduum 
of  the  madder  root,  after  tt  had  been  treated  in  Margraf's  me- 
thod, it  appeared  tinged  with  fo  rich  a  red,  thai  it  was  obvious, 
fctcmfemofl       that  by  far  the  greater  pari  of  Ihe  colour  dill  remained  in  tl. 
«Mm^'""'th     '"■*  **■"'  '''^  ^°^   powerful  and   beautiful   pari.      To  extrafl 
rooi,  this,  feveral  iiiefTedlual  Irials  were  made,  which  il  would  be 

ufelefs  to  enter  into;  but,  on  attentively  examining  ihe  ap- 
pearancti  which  look  place  on  infufing  the  madder  in  water,  I 
began  lo  fufpe^  that  the  red  colouring  matter  was  very  little, 
Wtttt  tikei  up   if  at  all,  foluble  in  water,  and  that   il  was  only  mechanically 
t^^  mixed  with  the  water  when  poured  on  the  rooi,  and  fafpended 

inll  by  the  mucilage,  wllli  which  the  toot  abounds. 

A  very  fmall  quantity,  therefore,  can  be  nbiained  by  any  in- 

fulion  or  decoflion,  as  the  greater  part  links  down  on  the  root, 

or  remains  with  it  on  the  (ieve,  or  in  ihe  bag,   through  which 

Whence  mtchi-  the  infufion  or  decoflion  is  pafled  lo  render  it  dear.      I   thcre- 

•drilUiie  """    ''"^^  "''*  induced  lo  (ry  whether,  by  fome  merely  mechanical 

means,  1  could  not  feparale  Ihe  colouring  maltcr  (mm  Ihe  fi. 

brous  part  of  the  root.     In  this  attempt  my  fuccefs  was  fully 

equal  lo  my  hopes ;   and,  after   Teveral   trials,  1   conlider   the 

procefs  1  am  now  about  to  defcribe,  as  the  moft  perfed  I  have 

been  able  lo  difcover. 

Procrfi  1.  Procefi  1,     Enclofe  two  ounces,  troy  weight,  of  Ihe  lineft 

^""w""^    Dutch   madder,  known  in  commerce  by  the  name  of  crop 

pounded  in  i        madder,  in  a  bag,  capable  of  containing  three  or  four  limes 

big  wirh  a  pint   ||iat quantity,  and  made  of  tlrong  and  fine  calico.      Put  it  into 

'  a  large  marble,  or  porcebin  roorlar,  and  poor  on  it  about  a 

pint  of  cold  fnft  water.     The  Thames  water,  when  filtered. 

is  as  good  as  can  be  ufed  ;  it  being  very  nearly  as  pure  as  dif- 

tilled  waler,  al  lead  when   taken  up  a  very  lillle   way  above 

London.     With  a  marble  or  porcelain  peftle,  piefs  the  bag 

(Ironpl)  in  every  direflion,  and,  ai  it  were,  rub  and  pound  it 

as  much  as  can  be  done  without  endangering  the  bag.     The 

water  will  very  foon  be  loaded  with  the  colouring  mailer.  To 
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SK  lo  be  qaite  opak«  and  iruiiify.  Pour  off.ihe  waler,  and  The  wiitr  when 
add  another  pint  of  ffelli  water  lo  tlic  root,  ajritaiine  and  tri-  ,"'  '-  *"  *?" 
lurating  it  in  Ihc  manner  before  Hefcrlbed;  and  repeal  the  off  aad  motlKT 
operation  nil  the  water  comes  off  ihe  root  very  lljglilly  tinged.  '"il'j''"'u"* 
About  five  pints  of  water,  if  well  agitated  and  rubbed,  will  'ftn,  "  '' 
cxiraft  from  the  root  nearly  the  whole  of  ill  colour;  and  if  Fiic  faecelfiFe 
the  refidual  root  be  taken  out  of  ihe  bag  and  diied,  it  will  be  Jh^'Jcw'Vlr' 
lojnd  lo  weigh  not  more  than  five  ilrachriis,  apotbeL-arie^ing  firedta 
weight;  itn  colour  wdl  be  a  kind  of  light  nankeen,  or  cinna- ^l"*' 
moni  and  it  will  have  entirely  lofl  the  peculiar  odour  of  the 
rooi,  and  only  retain  a  faint  woody  fmell. 

The  ivaitr  loaded  with  (he  colouring  mailer)  mull  be  put  The  coloai 
into  an  earlheii  or  well-iiimed  copper,  or,  wliat  ii  Hill  belter,  ^"„'g"h^ 
a  filver  velfel,   (for  Ihe  ule  of  iron  mufl  be  tarefully  avoided 
through  Ihe  whole),  and  healed  tilt  il  jull  boils.     It  mull  then 
be  poured  into  a  large  earthen  or  poiceLin  baton,  and  an  ounce  *ni  onr  at.  oF 
troy  weigh!   of  alum   dilfoiveii   in  about  «  pi"'  of  boiiing  foft  ^'^^''^''j^jj^ 
water,  muft  be  poured  into  il,  and  (tirred  uniil  it  is  tlmroughly  *»Kr«ldeii 
mixed.     About  anounre  and  a  half  ol  a  laiuraled  folution  "f '^"■it'SilL 
mild  vegetable  alkali  thouJd  be  gently  [luuicd  in,  fiirnng  the  i  pTcdpluw gf 
whole  well   all   the  time.     A   confiderable  effervefcence  will  "'"""• 
lake  place,  and  an  immediate  precipitation  ot'  Ihe  colour.    The 
whole  (lir>uld  be  fufTcred  to  (land  till  cold;  and  the  clear  yellow 
liquor  may  then  be  poured  off  from  the  ted  precipitate.     A 
quart  of  boiling  Toft  waifr  fhould  again  be  poured  on  il,  and 
well  Ilirred.      When  cool,  ihe  colour  may  be  feparaled   from  HdulcantJon, 
the  liquor  by  filtration   through   paper  in  the  ulualway;  andj^'^"^^ 
boiling  water  fliould  be  poured  on  It  in  the  tiller,  till  it  palTeshiif  jnoanf* 
through  of  a  light  llraw  colour,  and  quite  free  from  any  alka-"^  '*'"• 
lino  taile.     The  colour  may  now  be  gently  dried  ;  and  when  ■* 

quite  dry,  it  will  be  found  lo  weigh  half  an  ounce;  juft  a  fourth  4 

pari  of  the  weight  of  ihe  madder  employed,  1 

By  anal y fit,  this  colour  pnireffes  rather  more  than  40  per  wWeh  coouIib  •, 
cent,  of  alumine.  If  lef*  than  an  ounce  of  alum  be  employed  ^^^^*  "^ 
with  two  ounces  of  madder,  the  colour  will  he  rather  dee|>er ; 
but  if  \cU  than  three  quarters  of  an  ounce  be  iiled,  the  whole 
of  Ihe  colouring  mailer  will  not  be  combined  with  alumine. 
On  the  whole,  I  cnnfider  the  proportion  of  an  ounce  of  alum 
lo  two  oanre«  of  madder,  as  the  bell. 

I'rncefi-i.     If,  when  the  folulion  of  alom  is  added  lo  the  Procfi  i.         ^ 
water  haded  with  the  colouring  malter  of  the  rool,  the  whole  p^^^'^'J),"' 

be  luti'cTcd  to  cool 


\ 
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atihtile  ttat    \x  fuffured  Id  Hand,  wilhoul  the  addition  oF  the  alkali,  aeon. 
'M.ar.ff"di  fidcraWe  precipitation  will  take  plare,  which  will  beol*  daik 
■  doll  red  fedi-    dull  reH.     Tlie  lemaining  liquor,  if  again  healed,  will)  by  lll^l 
>»«"•  admiOiun  ol"  ihe  alkali,  produce  a  rort-culuured  pmipilate^l 

ing  fluid  if         *  bcanlitul  lint,  bai  warning  in  force  and  depth  of  tfinc.  ^ 

h«i«d.Qdprt-       Tiiis  is  liie  pfocefa  ceLommendcd  by  Mr.  Wall,   in   hit 
»lkjli"iff(irili  ■  ^""^y  ""  Madder,  in  ihe  /Imah  de  chymt.  Tome  7  i  and  ihi* 
fine  birt  not        latlpr  colour  ii  what  may  perhap'.   with   propriety,  be  calW 
^!^^^'-J]'f['_ Madder  Lake.     But.   ajihough  the  lighter  red  may  be  ex- 
cellcnt  for  many  piirpofes,  yet  I  confider  the  colour  pro<laced 
by  the  union  of  (he  two  colouring  ntalleii,  as  giveri  in  ihc 
firil  procefi,  a^  far  preferable  foi  general  ofe,  beinj!  of  a  very 
beauliful  hue  nhen  ufed  ihin,  and  pojTefling  unrivalled  depth 
and  richnefs  cither  in  oil  or  water,  when  laid  on  in  gtealcr 

Itb  iliunciufu      If  but  half  an  ounce  of  alum  be  added  lo  the  two  nuiKei  of 

d'iwtattbe"'   ''■^   '°°''  *'"'   '*'"   P'^'^'P''»'«  *■"  ^^  "*"3''y  *""'"'   '"  »>'« 
IcTi  In •]uMiuty,  when   an   ounce  is  employed;  but  the   fecond,  ur   lake  pre- 
kut  richer.         cipilate,  will  be  kfs  in  quaniily,  and  of  a  deeper  and  (icher 
tint.     In  ihis  cafe  Ihe  whole  of  the  colouring  mailer,  ai  bo- 
fore  obferved,  is  certainly  nol  combined  willi  the  alumine; 
for,  on  adding   oiore   alum   to  ihc   remoininj  liquor,  a  pi 
cipitsfe  h  obtained  ot  a  lighi  purplilh  red.     In  Ihi 
when  Iwo  ounces  of  madder  and  an  ounce  of  alum 
Ihe  firft   precipilate  has  ahout   20  per  cent,  of  alumine,  aiul 
llie  fecond,  ur  lake  precipitate,  about  5^  per  cent  i  but  tliele 
proportions  will  vary  a  little  in  repelillons  of  Ihe  prixrefs. 
Fioufo  3-  Whtn      Frocffi  3,     It  the  madder,  inOead  of  being  wathed  and 
the  "■■tbing  ii     (fiiufaied  with  cold  water,  as  direflcd  in  Ihe  foregoing  protels, 

perfQimed  by       ,  ,  .  -, ,       ,       ,  b       f»  r 

boiling  Inltcid     be  treated  m  exactly  the  lame  manner  witli  bulling  water;  the 

of  eald  wirer,      colour  obtained  will  be  rather  darker,  but  fcarctly  of  fo  good 

neither  {a  good    *  ''"I  i  ""''  'h^  refiduum  of  ihe  root,  however  carefully  prefled 

nor  fo  piMilfHi.   and  wafticd,  will  retain  a  llrung  purplilh  hue;  a  full  proof 

that  fome  valuable  colour  it  lelained  in  it,    prubably  fixed 

in  the  woody  tibre   by  Ihe  aflion   of  heat.      Mr.  Wall,  in  hi« 

excellent  treatifu    on   madder  above    meniioned,    obl'e(ve''t 

that  cold  waier  cxlrafls  the  colour  better  than  hot  waier ;  and 

1    have  realbii   lo   fufpe^,    that  a  portion  of   that   culonniig 

mailer,  which  produces  iho  bright  red  pigment,  diflinguiflicd 

befcre  by  (he  name  of  Madder  Lake,  remain)  allached  to 

the  root,  when  afted  on  by  boiling 

rroc*J 
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Proceft  4.  If  to  two  ounces  of  madder,  t  pint  of  cold  water  Piocefs  4.  If  thtf 

be  added,  and  the  whole  be  fuffered  to  (land  for  a  lew  days  ^^^^^^^^' 

(three  or  ibur  days)  in  a  wide-mouthed  bottle,  lightly  corked,  before  wafliiflg 

in  a  temperature  of  between  50^*  and  60<>,  and  often  l^aken ;  ^'^J^jl'^jj" 

a  flight  fermentation  will  take  place,  the  infufion  will  acquire  muciJAge  It'de- 

a  vinous  fmell,  and  the  muciIa,(inous  part  of  the  root  will  be  ftroycd  by  fcr- 

.n  11.  II  I  Lir  naentation,  Md 

jn  a  great  degree  deftroyed,  and  its  ycllovv  colour  much  let-  ^^  colour  moi« 

fened.     If  the  whole  be  then  poured  inLq  a  calico  bag,  and  eafiiy  eKinaedf 
the. liquor  be  fuffered  to  drain  away  without  preiTure,  a"d  ^'""^^ 
then,  the  root  remaining  in  the  bag  be  treated  with  cold  water, 
&c.  exactly  as  directed  in  the  firfi  procefs,  the  red  colouring  % 

matter  will  quit  the  root  with  much  greater  eafe  than  beforo 
fermentation.  It  will  ajfo  be  equal  in  quantity  to  that  afford- 
ed by  the  firfl  procefs,  but  of  a  much  lighter  red.  This  dif- 
ference of  tint  appears  to  be  owing  tb  a  defirudlion  of  a 
part  of  the  lake  by  the  fermentation  of  the  root;  for  if  the 
'colours  from  the  fermented  root  be  obtained  feparate,  as  in 
procefs  2,  the  firfl  precipitate  will  not  feniibly  differ  from 
that  obtained  from  the  unlermented  madder,  but  the  fecond, 
or  lake  will  be  of  a  very  light  pink.  This  procefs^  then,  is 
not  to  be  recommended. 

Spanijh  and  Smyrna  Aladders. 

Spanifli  Madder  affords  a  colour  of  rather  a  deeper  tone  Spaniih  madder 
than  the  Dutch  Madder,  but  it  does  not  appear  to  be  of  fo  buriefs^pui?*'^ 
pure  a  red  as  the  Zealand  Crop  Madder.  colour  than 

The  Smyrna  Madder  is  a  very  valuable  root.     The  colour  ^^'^^^^["^^ 
produced  from.it  by  Procefs  1,  is  of  a  deeper  and  richer  tint  Is  better  thaa 
than  any  I  have  obtained  from  the  Dutch   Madder.      The^"^^^ 
quantity  produced  from  two  ounces,  is  only  li)ree  drachms^ 
twenty-four  grains  :  but  this  is  not  to  be  wondered  at ;  for  aSt 
this  madder  is  imported  io  the  entire  root  in  a  dry  tldte,  and 
the  Crop  Madder  of  Zealand  confifts  principally  of  the  bark, 
in  which  probably  the  grcateil  part  of  the  colouring  fubfiance 
refides,  there  is  every  reafon  to  think  that  the  Smyrna  madder 
really  contains  a  greater  proportion  of  colour  than  the  Zealaijd, 
in  equal  weights  of  the  entire  root. 

The  products  of  Procefs  2  prove,  that  the  lake  of  tbe 
Smyrna  madder  is  more  abundant  in  quantity,  and  of  a  richer 
tone  than  that  of  the  Dutch  root;  for,  from  two  ounces  of 
Dutch  madder  the  firfl  precipitate  was  two  drachms,  and  the 
lake  wa)  two  drachms  and  forty  eight  grains;  whereas,  from 

4  two 
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two  ounces  of  ihe  Smyrna  root  ihe  fiifl  precipitate  wat  one 
diachm  and  twenty  four  grains,  and  the  lake  was  two  drachms 
and  twenty. four  grains.  The  proportion  of  the  take  to  the 
other  colour  is,  tlierefore,  much  higlter  in  ihc  Smyrna,  than 

in  the  Duldi  lool. 


frejh  Madder. 
The  colour  may  be  prepared  frorn  the  recent  root ;  and 
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will  be  of  a  quality  equal,  if  not  fuperior,  to  any  other.  Th* 
difficulty  of  procuring  the  frelh  root  ha<  prevented  me  from 
making  as  many  eKperiments  on  it  at  I  ould  have  withed. 
I  procured,  hovrever,  a  ftnall  quantity  of  the  befT  roots  packed 
in  mofs  from  Holland,  and  Ihe  follnwing  prooef)  anfwered 
perfeflly  well. 

Zipcrmeni  u-       Eight  ounces  of  the  root  having  been  lirH  well  ivaflieJ  and 

*°1i"5i"fe'tftr^'  ^'«^"*''  '^'°"'  ^'"  "'"  ""  '''"<'*■  "'^'^  broken  into  fmall  pieces. 

niddui  and  pounded  in  a  bell-metal  morlar.  with  a  wooden- peflle. 

III!  reduced  into  an  uniform  palle.  This  palle  being  enclufed 
in  a  calico  bag,  wai  walhed  and  trilucated,  as  dtfcribed  in 
the  firrt  procefs,  with  cold  water.  About  five  pints  feem  to 
have  exiratleil  neatly  the  whole  of  the  colour.  To  the  water 
thus  loaded  with  colour,  and  boili-d  a«  before,  one  ounce  of 
alum,  dilfolved  in  a  pint  of  Imiling  water,  t;a(  added,  and 

%ery  focufiful.  the  alkali  poured  on  the  whole,  till  the  iatle  of  the  niivlure 
was  Jud  perceptibly  alkaline.  Tl>e  colour  thus  obtained, 
when  dry,  wai  of  a  very  beautiful  quality. 

Upromifci  The  fucccfs  of  this  experiinenl,   which  wal  twice  repeated 

wVbtlm."*"    *■''*'  '''"  '''""^  "^^""'   *""  '^''  '"^  '"  '"*l'^*  "•"*  ''   ■'  ""'  ■'"- 
potTible  that  the  mode  of  oblaining  the  colour  from  the  frelh 
root  here  defcribed,  may  be  produflive   of  advantages   for 
more  eictentivc  ufe  than  I  had  in  view  when  lirft  ]  attempted 
to  obtain  a  pigment  irom  madder.     Many  ira£l«of  land  in  this 
country  are  as  well  adapted  to  Ihe  growth  of  ihit  valuable 
article,  as  the  foil  of  Holland  can  be;  and  the  cultivation  of 
it,  which  has  mwe  than  once  been  attempted  to  a  confiderable 
extent,  hai  been  laid  atide,  principally  from  the  ex  pence  at- 
tendant on   the  ereflion  of  drying-houfes  and  mills,  and  the 
great  expence  and  nicety  requifile  for  conducing  the  procefi 
For  if  ittt  colour  of  drying.      But  i^ould   the  colour  prepared  In   thcmodejud 
Oinuid  infwcr  for  (jefcribed,  be  found  to  aniwer  the  purpofes  of  the  dyers  and 
would' five  dry-    calico- printers,  llie  procefs  \i  fo  eafy,  and  the  appamlui  re. 
ing  »nd  cMriJgt  i  quired 
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cjuired  tor  it  fo  li'.lle  expenrive,  thit  il  migiil  be  Jo  Uie  power 

ot   any   giowet   iif   tlie   ruul   Id  exiiad  Ihe  colour:    befidu 

which,    anolher  great  adv^iniage    would   be  oblaintid;    the 

colour  thus   feparaled   (fom  tlie  roor.  may  be  ke[i(  any  length  "i**^,,!!^^ 

of  lime,  without  danger  of  fpiiiliiig,  and  its  carriage  would 

be  only  one  founh  of  that  ot  ihc  root.      I  ao),    moreover, 

thoroughly  inclined  to   believe,   that  in   Ihe   prefenl   mode  of 

ufing  (lie  root,  a  very  confiderable  part  of  the  colour  i)  left  in 

il  by  llic  dyers  i  and.  Ihould  this  prove  to  be  ibe  csfe,  an  "^^l^'^J 

advantage  much  greater  than   any  hitherto  adverted  to,  may 

arile  from  the  procels  here  recommended. 

Should  tl  be  aliempled  to  obtain  Ihe  colour  from  the  frelb  °'"^^' '"'"  ' 
root,  on  an  exlenfive  fcale,  I  Ihould  recommend,  that  i-^^n:  minlsiaarj  of 
root  be  tirft  reduced  lo  as  uniform  a  pulp  as  potTible,  by  grind-  ouxldcr  colDiir. 
iag  or  pounding.  To  Ihii  pnrpoiie,  it  is  probable  that  Ihe 
cjrfer-inill  would  anfwer  perleflly  well;  and  its  extreme 
limpliciiy  is  a  great  recommendalidii.  For  the  purpofe  of 
trituration,  bags   of  woolen,   fuch  ai  are  ufed  in  the   oil-milis.  , 

would  probably  arfwer  as  well  as  calico,  and  they  would  be 
much  cheaper  and  more  durable,  A  large  vat,  with  tlamperf. 
would  be  eafily  confimfled,  by  ihofe  who  are  converfanl  iii 
mechanics,  for  the  holding  them  and  prelTiiig  them  in  water; 
and  when  Ihe  colour  was  boiled  and  precipitated,  the  flue* 
of  the  boilers  might  eafily  be  formed  into  convenient  drying 
lablei,  without  any  additional  expenfe  ol  lucl.  The  part  ot 
the  procef),  which  1  conlidei  as  ot  the  grealefi  impotlance, 
aifd  ai;  being  the  effentjal  advantage  of  my  methods  over  all 
ihole  which  have  come  to  my  knowledge,  is  Ihe  triiuraiion 
or  prelCng  of  the  root  in  water;  and  1  believe  that  ihe 
•douring  matter  of  Ihe  root  has  nut  been  hitherto  confidercd 
at  fo  nearly  infoluble  in  water,  as  I  have  reafun  to  tiimk  it  is. 

It  were  much  lo  be  wiftiL-d,  ihal  in  tlie  prefenl  advanced  Wew»nt>| 
ftale  of  Chemiftry.  fome  Ikilful  Bnaljf,:r  would  inveliigale^''**"' " 
the  properties  of  this  very  uleful  root;  in  which  perliap*  it 
v»ill  be  found,  ihat  there  are  Ihree,  if  not  four,  dilJerent 
colourmg  fiibflances.  Such  arc  the  procetfui  and  views, 
which  1  have  thought  it  not  improper  to  lubinit  lo  ihe  coii- 
fideralion  of  the  Society  of  Arts,  &c. 

I  have  only  now  lo   dekribe  the  fpecimens  which   accom- The  fpetinwi 
pany  this  paper ;  a/Turing  the  Society,  ihai  they  have  been  all  s^-^,''**  *' ' 
prepared  by  my  own  bandi  entirely,  and  that  I  am  Iherelbre 
reiponlible 
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rerpotifiblc  fi)r  ihelr  having  hecn  prodacad  by  the  proccffe* 
fl«led,  nithout  the  odditioa  of  sny  foreign  molter  whatever, 
excepting  tlie  cake  ground  up  with  gutn,  and  the  bladder  of 
oil-colour,  which  mere  prepaied  iVotn  ihccoloar  which  I  gave 
hitn,  by  Mr.  Newmait,  of  Soho-Square,  whole  Ociil  and 
fidelity  are  too  well  known  to  tveed  any  lefiimony  iir  their 
fiivour. 

It  may  be  proper  to  add,  (hat  all  the  colours  produced  from 
Ae  Dutch  madder  were  prepared  from  the  fame  parcel  of  crop 
madder,  in  order  that  the  differences  in  ibem  might  proceed 
from  the  procefTcs,  and  not  Ironi  a  variation  in  the  qoaiities  of 
the  root,  which,  tn  ditferent  fpeciraens,  will  prnduce  diiTer- 
cnt  fliadeiof  colour  under  the  Hirue  mode  of  trealmenl.* 

1.  Dutch  maddert  treated  by  procefs  111, 

2.  Ditto    -         -        -  -  procefi  2d. 

3.  Ditlo    -        -         .  .  pcoccfj  3d. 
+,  Ditto    -        ■         ■  •  procefs  4th. 

i,  Dutch  madder,  two  ounces;  alum,   half  an  ounce; 

trciited  by  proccfs  2. 
e.  Dutch  nmUdcr,  two  oitncex:  alum,  one  ouoce;  fer- 

racDted  two  days,  and  then  treated  by  procefa  2. 

7.  ProiliiC'j  of  procefs  I,  ground  in  gum  bj  Mr.  Newman. 

8.  ProJucf  of  protefi  1,  jjtiiund  in  oil  by  Mr.  Newman. 

S — 1.  Srt)>tna  KiaddeT,  byprocefrt.  ■ 

S — 2.  Ditto    -        ,       '•  procers'2.-'' 

S— 3.  Ditlo    -        -         -  pMceftS.  ■' 

S— *.  Ditto    -   ■    -        -  pfwefc  ♦.  ■ 

'  *  Certincaiet  accompanied  the  forcing  defcriptka^  fnm 
Mr.  Cotman  and  Mr.  Mu&n,  telhfying  the  medtt  df  Bir  H.  Ei^le- 

'  Bald'*  madder  lakei,  at  water  colourif    and  alfo,  from  MetTn. 

'  Weft,  Trumbull,  Opie,  Turner,  Daniel*  and  Hoppner,  fpealo 
ing  greatly  tu  itt  favour,  wheie  it  bat  been  oded  in  oU-coloun. 
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XIV. 

JTie  Dutch  Method  qf  curing  HerringB^  extraded  and  iranflatcd 
from  the  German  qf  Krimitz's  Economical  Encyclopa:dia 
(OeconoEnifche  Encyclop'adie],  Article  Hdring,  by  J. 
Hinckley,  Efq.  f.  S.  A.* 

A  HE  vcffels  employed  in  this  fifhery,  commonly  called  her*  Dutch  method 
ring-bufTes,  from  the  Dutch  name,  are  generally  between  ^s**^^^^f^^ 
and  60  tons  burthen,  though  fome  from  40  to  80  and  100  tons  rings, 
are  ufed.     The  largeft  of  all  carry  120  tons,  are  three-mafted 
vefTels,  with  one  deck,  and  a  cabin  at  each  end  ;  that  a-head 
ferving  as  a  kitchen.     Of  the  larger,  the  crews  are  24.  men, 
thofe  of  the  fmaller  18.     Tliey  carry  a  few  fmall  guns  and 
mufquetry. 

Their  nets  are  dipped,  or  cafl  out,  in  the  evening,  and 
drawn  up  in  the  morning.  It  requires  three  hours  to  wiad 
them  on  board.  From  the  net,  the  fifti  are  immediately  put 
into  bafkets,  while  others  of  the  crew  are  occupied  till  even- 
ing in  gutting,  falting,  and  packing.  But  although-from  ten 
to  fifteen  lafl  are  fometimes  taken  at  a  draught,  the  twelve 
perfons  ui'ually  employed  for  the  purpofe,  cannot  complete 
more  than  five  lafl  in  a  day. 

During  the  three  firfl  weeks,  from  the  25th  of  June  to  the 
l(3th  of  July,  all  the  frefh-caught  herrings  are  thrown  into 
calks  without  picking,  and  conveyed  to  Holland,  in  the 
jagers  or  yachts f,  that  accompany  the  herring-buffes.  But, 
after  this  period,  immediately  on  being  got  on  board  and 
gutted,  they  are  aflforted  into  three  qualities, — maiden  her- 

♦  From  the  Tranfaftions  of  the  Society  of  Arts,  who  have  pub» 
lifhed  it  for  the  information  of  our  filhers  in  North  Britain,  who 
appear  to  be  well  acquainted  with  the  treatment  from  catching 
and  landing,  but  not  with  the  fubfequent  procefles.  Mr.  Walter 
Baine,  of  Greenock,  had  the  Society's  fiiver  medal  for  this  object 
laft  fcafon. 

f  Thcfe  are  fmall  fad-failing  veflels,  which  follow  the  herring- 
buffes,  fupply  them  with  proviiions,  calks,  fait,  and  other  necef- 
faries,  and  carry  the  fifli  that  have  been  taken  to  the  nearell  port, 
where  they  are  re-packed,  and  prepared  for  fending  to  the  places 
of  their  deflination. 

rings. 
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imp,  full  herring!,  and  (liot  lierring*.  The  lirfi  of  rhefc  are 
ihofe  taken  oailiirlt,  and  wilhout  low  or  meli,  bul  which, 
(hough  well  flavoured,  do  nut  keep.  Full  heningsare  thofe 
Uken  al  Midfummn,  on  ihc  poini  of  Tpawning;  frnm  whiirfa 
the  brand-herrjiig?,  fo  caHed  Irom  the  banelt  being  marked 
wilh  B  hoi  iron,  only  (hffer  in  being  caught  later,  re-packed 
immediately  on  arrival,  and  fo  cloTe  and  Jiard  prelTed  down, 
Ihal  Ihey  do  not  require  fe-packrng  al  other  placei,  but  only 
new  pickle;  and  are  im mediate ly  expedited,  or  may  remain 
on  hand:  wliereas  the  other  two  forls,  not  being  fo  clotely 
laid,  mull  abfolutely  be  re-packed.  Shot-herrings  are  thofe 
Mhich  hare  f)>awned,  or  a,re  taken  in  the  a&  of  fpawniiig,  Ui  J 
confequence  of  which  they  are  ihin 

With  the  iafl  two  forts  (he  bulTes  themfelves  return  {u  fooi'l 
as  they  have  got  their  loading,  or  find  no  more  filh),  i 
after  another,  to  port,  whcic  all  three  fort«,  except  the  brand- J 
herriuga,  belore  being  expedited,  are  opened,  failed  aneMr,^ 
re-pocked,  and  fo  heaped  up,  that  fourteen  calki  are  re-packetf 
in  twelve,  which  make  a  lalt.  By  a  regDtalitin  of  the  States^ 
General,  this  re-packing  mud  be  performed  in  the  open  air^l 
where  ftriiS  ivatch  is  kept,  that  the  fpoiling  filh  be  catefullj^ 
lepafated  from  the  good,  and  the  latter  property  laid  in  t] 
barrels,  and  fltongly  pTcCTed  dowp. 

Tlie  Dutch  lifHery  coitlinuei  generally  from  iwttjty.U 
twenty-fix  weeks,  or  even  fomcwhat  longer,  namely, 
the23ih  of  June  to  the  middle  of  January,  The  Dutch  li|| 
only  on  tlic  Scotch  and  EngliHi  cra(l«,  off  Hiilland,  Faithilt^ 
and  Buckcn,  from  Midfunimer  till  the  23ih  of  July  j  offBocken 
«r  Sereninl,  from  thence  till  the  lllh  of  Sepiember;  and  iQ 
deep  water,  Eai)  of  Yarmouth,  and  ai  far  at  the  mouth  t>(  the 
Thame),  from  ihence  to  the  25lh  of  November,  when  I: 
regular  fiHiery  ceafes.  But  herring*  are  Itiund  not  far  froi 
Yarmouth  till  the  end  of  January,  after  which  the 
prohibited,  as  the  fpawning  feafon  then  c 
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ARTICLE   L 


A  Jhitirt  Account  qf  the  Caujt  qf  the  Difiafi  in  Cotn,  caUed  hf 
Farmers,  the  Blight,  the  Mildew  and  the  Rujt.  Reprinted,  and 
the  Plates  copied,  with  Permiffian,  from  a  Memoir  communis 
cttted  by  the  Right  Hon.  SiB  Joseph  Banks,  Bart.  P.  R,  Sm 
ifc,  ifc.  Sfc.     Withjbint  additional  Notes,* 

JDOTANISTS  have  long  known  that  Ihe  Blight  in  Corn  u  BcUnifti  hatt 
cxrcafioned  by  the  growth  of  a  minute  parafitic  fungus  or  mufli-  ^"'^^"  **** 
room  on  the  leaves,  ftems,  and  glumes  of  the  living  plant. cauied by  ami* 

Felice  ^^^  pva^tic 
fniigusi 

*  Immediately  after  the  title  in  the  original  is  the  following  pre* 
fatory  note : 

**  The  following  brief  Publication,  fuggefted  by  the  alarming 
<<  ftate  of  the  harveft  in  Auguft  laft,  would  have  been  diftributtd 
**  before  the  end  of  wheat  feed-time,  had  the  engraver  fulfilled  hit 
*<  engagement. 

**  This  circumftance  will,  it  is  hoped,  be  confidered  as  a  fufficient 
*<  apology  for  the  want  of  a£hial  obfervations  on  the  origin  and  pro* 
**  grcfs  of  the  difeafe.  Thefe  it  is  prefumed  will  be  abundantly 
'*  fupplied  in  the  courfe  of  the  prefent  year,  by  thofe  intelligent 
**  agriculturifts>  whofe  refidcnce  in  the  country  enables  them  daily 
^*  to  examine,  not  only  the  progrefs  of  their  cropS)  but  the  origin 
**  and  advances  alfo  of  all  thofe  obftacles  which  nature  has  oppofed 

to  the  fuccefs  of  agricultural  labouis>  as  if  to  awakrn  the  ener* 
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Felice  FobtMurpabiibed  in  the  yeiir  1' 
toani  of  thii  mifcbieirbat  wdbd»*  with  microfeopic  Ugateh 
which  give  a  tolermble  iflea  of'i^fprm  2^  more  modern  bo- 
tanifts  f  bave^i vetf ^ji^.  b(^.  of  c^a^  dT  graft  affcaed 
by  it,  but  have  not  afed  high  magnifying  powers  in  their  le- 
fearches. 
l«tMiic«icmiftt     Afl;rt6u1torifit  do  not  appear  to  have  paid,  on  this  hend» 

^Sr^      ^in  the  field  of  nature;  for  ihoogh  fcarce  any  Englifli  writer 
of  note  on  the  fub/{eA  of  niitf ^tfbonomy  bat  foiled  to  flate  hit 
opinion  of  the  origin  of  thit  evilt  no  one  ff  them  hat  yet  attri- 
buted it  to  the  reat'eaihe;  liftkft  Hfhterby't  excelleni  papert 
on  fome  difeafes  of  corn,  pabliflied  in  the  TranbAiont  of  the 
Linnaean  Society,  are  obn'Gdered  at  jwriciiirdral  eflayt* 
S^iavlagi  of        ^^  ^^1*  account  it  hat'  bilbh  deemetf  expedient  to  oflbr  to 
dkii  deftnidivc  the  confidemtion  of  fiinMrt«  engnivlngt'of  thit  deftrttdive 
^^IJ^^^^IJl^l^  plant,  made  from  the  drairingt  of  the.accanite  and  ingenioot 
by  Mr.  Bauer     Mr.  Baoer,  Botanical  Aunter  lo  tiit'Wjefty,  accompanied 
itTthl^o^futt.  ^'^  ^  expiinatioH,  finbm  #hence  k  it ^N^mad  a«r  ateltite 
MioB.  '^nBd*r  wilt-be  aMe  lo  form  a  corfQttourf  the  iidt  intatRkd 

4o  bereprefefUcdf  and  atj^  opinio  whelher  or  Dfi  Ibqr 
itre,  A  itiprdfuomd  to  be  the  irafe,  corMA'alld  fiUitfcaory. 
Oifanised  ftruc.     In  order,  however,  to  render  Mr.  Baoer^  osplanation  more 
*****  *f  A***  ^"'"  ®*fy  *^  ^^  underftood,  it  is  necelTary  to  premife,  that  the 
Itt  pores  or  '     Ariped  appearance  of  the  furface  of  a  draw  which  may  be 
BUMith*,  ihttt  infeen  with  a  common  magnifying  glafi,  iscanfed  by  alternate 
i^t  wcaSnr! '°  fongitudinal  partitions  of  the  bark,  the  one  imperforate^  and 
the  other  furnillied  with  one  or  two  rows  of  pores  or  mouths, 
fimt  in  dry,  open  in  wet  weatheri  and  well  calculated^to  imbibe 
fluid  whenever  the  draw  is  damp.  % 

Br 

*'  gies  of  reafon,  and  to  reward  the  ffiimer  for  the  eacrtiont  of  HJk 
'**  intelleftual  faculties,  by  the  fatisfa^lion  of  Airmounting  them.** 

"Jan.  30th,  1805."  "JOS.  BANKS.'* 

*  OiTenrazioni  fopra  la  Ruggine  del  Grano.  Lucca,  1767,  8to.  ' 

t  Sowerby'8  Engli/h  Fungi,  Vol.  II.  Tab.  140,  Wheat  Tab.  139- 

Poa  aquatica. 

The  pores  or  t  Pores  or  mouths  fimihur  to  thefe  are  placed  by  nature  on  the 

mouths  on  the    'furface  of  the  leaves,  branches,  and  ftemtt,  of  all  perfeft  plants,  a 

furiace  ofpluitt  provifion  intended  no  doubt  to  coropenfate,  in  fome  meafure,  the 

abforh  moiiUzt.  ^^^^  ^^  loco-motion  in  TOgctables.    A  plant  cuinoiwhen  thirfty 

/  •  '    ft 


\ 


on   THE    BLIOBT   IK   COaiC«  (37 

Bj  thefe  poresi  which  exift  alfo  on  the  leaves  and  gHimeit  it  The  feedi  of  the 
is  prefumed  that  the  feeds  of  ihe  fungas  gaio  admiffioo,  and  ^3^*  "^  ^ 
at  the  bottom  of  the  hollows  to  which  they  lead,  (fee  Plate  IX* 
Fig.  1,  2 J  they  germinate  and  pu(h  their  minute  roots,  no 
doubt  (though  thefe  have  not  yet  been  traced)  into  the  cellular  germinate  {■ 
texture  beyond  the  bark,  where  they  draw  their  nouri(hment,  [J*  ^^ShSiS'- 
bjr  intercepting  the  fap  that  was  intended  by  nature  for  the  the  l«p|  aiid*ili^ 
natriroent  of  the  erain;  the  corn  of  courfe  becomes  (hrivelled  i^^.^'??'* 
ID  proportion  as  the  fungi  are  more  or  leis  numerous  oo  the  abftrt^too  of 
plant ;  and  as  the  kernel  only  is  abftraded  from  the  grain,  ^^  lKni4« 
while  the  cortical  part  remains  undiminilhed,  the  proportion 
of  flour  to  bran  in  blighted  corn,  is  a  ways  reduced  in  the 
fame  degree  as  the  corn  is  made  light.     Some  corn  of  this 
year's  crop  will  not  yield  a  ftone  of  flour  from  a  fack  of  wheat; 
and  it  is  not  impoffible  that  in  foroe  cafes  the  corn  has  been  The  flouring, 
fo  completely  robbed  of  its  flour  by  the  fungus,  that  if  ^he*^*^**"" 
proprietor  (hould  choofe  to  incur  the  expenfe  of  thrafliing  and  cepted. 
grinding  it,  bran  would  be  the  produce,  with  icarce  an  atom 
of  flour  for  each  grain. 

Every  fpecies  of  corni  properly  fo  called,  is  fubjecl  to  the  AH  corn  It  liable 
blight;  but  it  is  obfervable  that  fpring  corn  is  lefs  damaged  ^  I^*  **''*^ww 
by  it  than  winter,  and  rye  lefs  than  wheat,  probably  becaufe  it  than  wincer*  ani 
is  ripe  and  cut  down  before  the  fungus  has  had   time  to  ^^  ^^  ^^'^ 
increafe  in  any  large  degree. — Tull  fays  that  *'  white  cone  or 
**  bearded  wheat,  which  hath  its  flraw  like  a  ruth  full  of  pith, 
"  is  lefs  fubjecl  to  blight  than  Lammas  wheat,  which  ripens  a 
"  week  later."  See  page  7  ^t  The  fpring  wheat  of  Lincolnfliire  Hiftorical  AAs^ 
was  not  in  theleall  Airivelled  this  year,  though  the  draw  was  in 
fome  degree  infedled :  the  millers  allowed  that  it  was  the  bed 
fample  brought  to  market.     Barley  was  in  foroe  places  con- 
fiderably  fpotted,  but  as  the  whole  of  the  Rem  of  that  grain 
is  naturally  enveloped  in  the   hofe  or  bafis  of  the  leaf,  the 
fungus  can  in  no  cafe  gain  admittance  to  the  draw  ;•  it  is  how- 
go  to  the  brook  and  drink,  but  it  can  open  innumerable  orifices  for 
the  reception  of  every  degree  of  moifture,  which  either  falls  in  the 
fliape  of  rain  and  of  dew,  or  is  feparated  from  the  mafs  of  water 
always  held  in  folution  by  the  atmofphere ;  it  feldom  happens  in  the 
drieft  feafon,  that  the  night  does  not  afford  fome  refi-eibment  of  this 
kind,  to  reftore  the  moifture  that  has  been  exhauftcd  by  the  heats  of 
the  preceding  day. 

Q  2  ever 
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ever  to  be  obrerved  thai  barley  rifet  from  the  ftail  Kgblcr  tlii* 
year  lliaii  waj  expcfled  from  the  appearance  of  Uie  crop  when 
gaihered  in. 
Tlioiigli  dlh'gent  enquiry  was  made  during  the  laft  autumn, 

"no  informalion  of  importance  relative  to  the  origin  or  ihe 
prngrefs  of  the  blight  could  be  obiained:  ihit  i;  not  lobe 

^  wondered  al;  for  as  no  one  of  the  perfons  applied  to  had  any 
knowledge  of  the  real  caufe  of  Ihe  malady,  none  of  them 
could  dired  (heir  curiofily  in  a  proper  channel.  Now  that  ilt 
nature  and  csufe  have  been  explained,  we  may  reafonably 
exppfl  that  a  few  yeaia  will  produce  an  inlerefling  colleflion 
of  lafti  and  obfervationi,  and  we  may  hope  thaifome  progrefs 
will  be  made  towards  the  very  defirable  attainment  of  either 
a  preventive  or  a  cure. 

Ii  Teems  probable  that  the  leaf  is  hrll  infefled  in  ihe  fpring, 
or  early  in  Ibe  fummer,  before  the  corn  flioots  up  into 
ftraw.  and  that  llie  I'uiigu?  is  then  of  an  orange  roloui  ;•  after 
the  draw  has  become  yellow,  the  fungus  alTumei  a  deep  cho- 
cnlaie  brown  :  each  individual  is  fo  fmall  that  every  pore  on 
B  tiraw  will  produce  from  '20  to  40  fungi,  a?  may  be  feen  in  the 
plules,  and  every  one  of  thefc  will  no  doubt  produce  at  leall 

:    100  feeds;  if  then  one  of  thefe  feed;  tillows  out  into  the  num> 

*'  ber  of  plants  that  appear  at  Ihe  bottom  ofa  pore  in  Plate  IX. 
fig.  I,  2,  how  incalcukibly  large  mud  the  increafe  be  !  A  fevr 
difeafed  plants  fcallered  over  a  field  muft  very  fpecdily  infefl 
a  whole  neighbourhood,  for  the  feed«  of  fungi  are  not  much 
heavier  than  air,  as  every  one  who  has  irod  upon  a  ripe  pufl". 
ball  mufl  have  obferved  by  feeing  the  dull,  among  wliicb  U  its 
feed,   rife  up  and  Aiiat  on  before  him. 

How  long  it  is  before  ihls  (ungus  arrives  at  puberty,  and 
fcatlers  it'  feeds  in  the  wind,  can  only  be  gucfled  at  by  Ihe 
analogy  of  otht-rs  j  probably  the  period  of  a  generatim  r<. 
Ihort,  pollibly  not  more  llian  a  wetk  in  a  liol  feafon  ;  if  fo,  how 
frequently  in  tlie  laUer  en[l  of  ihe  fummer  mufl  the  air  be 
loaded  as  it  were  with  this  animated  dull,  ready,  whenever  a 

*  The  Ahbl;  Tellicr,  in  hit  Traiti dci  MnlaJiri  dei  Qrahtt.  will 
uf  that,  itFrflncc,  this  •lifeirerirn  fliews  iirrlf  in  mfniilcfpoti  of  3 
dirty  while  colour  on  the  Ua«e(  »nd  ftems,  which  rpots  extend  Thnti- 
felvM  t>y degrees,  and  in  time  chanifc  to  yellow,  md  throwoff  a  ilijr 

otaiigc  coloured  ponder.  pp.B01,340.     tiale  cfSir  J.  3 
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penile  breeze,  BccotnpaniedwithhumMitr,  fliall  give  the  fij^ual 
t«  inlrude  Ufelf  into  the  porec  of  thoufkndi  of  acrei  of  ccrn. 
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Providence,  however,  careful  of  (he  c 
lias  benevolenlly  provided  againll  (lie  (oci  i 
cation  of  any  fpecies  of  being  ;   Wat  it  niiie 
plants  and  animals,  enemies  agajnll  which  in 
means  of  defence,  would  increafe  lu  an  iiiori 
however,  can  in  no  cafe  happen,  unlefs  i 
caufes  afford  ihcir  combined  aflillance.     Bulforihis 
beneficent  provition,  (he  plague  of  Rugs,  ihe  plague 
the  plagues  of  grubs,  wire-worms,  chafers,  a 
creatures  whofe  power  of  muliipljing  is  counilefs  a' 
of  (he Tea,  would,  long  before  Ihis  lime,  havedrt 
and  all  the  larger  animals,  from  (be  face  of  (he  earlh. 

Though  all  old  peifons  who  have  concerned  themfclves  in  The  fclijbt  doca 
agriculture  remember  the  blight  in  corn  many  yean,  yet  fame  "'^  '^'^"^  j 
have  fuppofed  (ha(  of  lale  years  it  lias  materially  increafcd  ;  iite  yun. 
this  however  does  not  feem  to  be  the  cafe.    Tull,  in  his  Horfe^- 
hoeing  Hutbandry,  p.  7-1-,  (ells  us,  (hat  the  year  1725  "  wasa 
<>  yearofblightlhelike  of  which  wa5  never  before  heard  of,  and 
"  which  lie  hopes  may  never  happen  again ;"  ye(  the  averago 
price  of  wheat  in  the  year  172^,  when  the  harveftof  1725  wai 
at  marltet,  wai  only  3Ct.  -^d.  and  the  average  of  (he  five  years 
of'which  il  makes  tlie  fiifl,   37j.  Id. — 1797  wasalfo  a  year  of 
great  blighl;  (he  price  of  wheat  in  1798  was +9*.  id.  and  (fie 
avuags  of  (1^  live  years,  from  1793  to  1799,  ^3^.  5d.* 

The  climate  of  the  Britifh  Ides  is  no(  the  only  one  dial  it  The  blight  ia 
liable  to  the  blight  in  corn;  it  happens  occafionally  in  every  pari  '"">  probiWr 
oi  Europe,  and  probably  in  all  countries  where  corn  isg'own.cnuntiiti. 

•  The  fcartiiy  of  the  year  1801  wm  in  partoccafionwl  by  a  mil* 
Jew  which,  in  many  platei,  attacltrd  the  phn»  of  wheat  on  (he 
S.E.  lide  only:  but  ii  wai  principally  owing  to  the  very  wnharveli 
tif  IHOO.  Tbedefifkncy  of  wheat,  atthii  haivcft,  was  found,  on 
a  very  accurate  calculation,  foraewhai  to  rxcenl  one  founh.  But 
ivhcac  wat  not  the  nnly  grain  that  failed;  all  other*,  nnd  potatoti 
alio  were  materially  deficient.  This  year  the  wheat  ii  probably 
fomewhai  more  damaged  than  it  wax  in  1800,  and  t>:vlcy  foinewhat 
leli  than  an  average  ciop.  Every  other  aiticle or  agricultural  food 
it  abundant,  and  potalo»  one  of  the  largcll  crops  that  has  been 
known.  But  for  (hcfc  bldiings  on  the  labour  of  man,  wtuat  mull 
hefuic  this  time  hare  reached  an  exorbitant  price. — Sir  y.  B, 
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jea  to  a  mildew 
nvlikhawjr  W 
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bean 'iMMrMj  Irori  lf)rr|iV  '6|ieri«iMi«  'tgteKwi  'AiM  IM 
c0biif  or>  Heir  teiMi  Wallt  tftwr-ttet  imMmU^  aifehidl 
w«t  daac  to  the  vriicftt  cri^»<lwwiftrii»yi»r  ltrtlym^i^>wih> 

fitte  phut,  v«i)r  fiflAr io lite  Englifh  one;       i   •  !*« 

'  It  Im  bean  ling  tiMlled  liyfaniii«rt>  thwigb  ftwcriy  cwN 

4iMd  by  bo(«fife%  tbttti4iekt  hi  the  M%Kb«lifcMi  tff  *  i«N 

berry  bbfli  ibM«Mi  ercsfci  tbebl%ki.    Thevilhge^f JMMby 

m  NtlHblk,  iMbere  barberriw  ■bovnd,  and  whoilMlMi  Jii^ 

cwdi,  ift  eriM  by  te  «|iprobrMMM  mppottatm  of  MtdoW 

Holldbf .    Some  .Mmrkig  «eB  bote  \if  kto  MtriboMd  iMi 

^r^'fMflokMg  oflM  to  tbcrihriM  oF  tho  liowm^  the  bvw 

bbiTy*^  which li ID  tMlb yellow,  mndierediblcilnlbnMe'ilegnep 

the  appeiraiice  tf  the  foft^  or  what  it  ieoflneidF  to*  lie  ih» 

Wight  mitt  etufyOite.  ^ 

_  It  ift  however,  tiolorioos  to  all  botanical  obArfOr^  thai  tbn* 

^ih^if!^^^^^^^  baibefry  are  very  (hbjea  to  the  aiteek  of  % 

yellow  (MWfitic  fliogw,  burger^  but  otherwife  aiedl  lefimblhiif 

the  mil' in  cxNm* 

It  it  toot  more  than  poSble  that  the  paiailic  langiB  of  the' 
baibwiy  eM  that  rf  wheat  aie  one  and  the  fiune  fpaeiet*  ^ibd 
that  the  feed  tran!»ferred  from  the  barberry  to  the  com  is  one' 
caofe  of  (he  difeafe.  Mifletoe,  the  paradtic  plant  with  which 
we  are  the  beft  acqoainted«  delights  moft  to  grow  on  the  apple 
and  hawlhom,  but  it  flourtfhes  occafionally  on  treet  widely 
differing  in  their  nature  from  both  of  thefe:  in  the  Home  Park, 
at  Windfor,  mifletoe  may  be  feen  in  abundance  on  the  lime 
treet  planted  there  in  avenues.  If  (his  conjedure  it  foonded, 
another  year  will  not  pafs  without  its  being  confirmed  by  the 
obfervations  of  inquiiitive  and  fagacious  farmers. 

It  would  be  prefumptuous  to  offer  any  remedy  for  a  malady^ 
fcfted  to  remedy,  the  progrefs  of  which  U  Co  little  underfiood;  conjedures, 
however,  founded  on  the  origin  here  affigncd  to  it«  may  be^ 
hazarded  without  ofience. 

Il  is  believed  *  to  begin  early  in  the  fpring,  and  firfi  to  ap- 
pear on  the  leaves  of  wheat  in  the  form  of  ruil,  or  orangtv^ 
coloured  powder ;  at  this  feafon;  the  fiingat  will,  in  ail  pr^ 

*  Thtiy  though  believed^  it  not  dogmatically  atforted,  becaaft 
Fontana,  the  beft  writer  on  the  fubje£t,  aflertt  that  the  yellow  and 
the  dark-coloorcd  blight  arc  dificrtnt  fptcict  of  faagi* 

bability. 


Conjedtires  dl- 


Probable  fad 
to  its  earlieft 
appearance* 


babilityi  reqoire  m  manj  weekf  for  iti  progrefs  from  ifVfafficy  .     ' 

to  puberty  as  it  does  days  during  the  heals  of  autumn ;  but  a 

very  few  plants  of  wheat,  thus  infeded,  are  quite  fufficient  if  -  ' 

the  fungus  is  permitted  to  ripen  its  feed,  to  fpread  the  malady 

over  a  field,  or  indeed  over  a  whole  parifh. 

The  chocolate^coloured  blight  is  little  obferved  till  the  corn  The  chocoftte 
is  approaching  very  nearly  to  ripenefs ;  it  appears  then  in  ^^'^^^'"[^^iIjiL 
field  in  fpots,  which  increafe  very  rapidly  in  (ize,  and  are  in  froib  central    "' 
calm  weather  fomewhat  circular,  as  if  the  difeafe  took  itsP™"***^**   .* 
origin  from  a  central  pofition. 

May  it  not  happen  then,  that  the  fungus  is  brought  info  the  whence  It  may 
field  in  a  few  ftalks  of  infcfted  flraw  uncorrupted  among  the  ^^  ^^ 
mafs  of  dung  laid  in  the  ground  at  the  time  of  fowing?  ituife6kcii  ftnwia 
muft  beconfeifed,  however,  that  the  clover  lays,  on  which  no  ^«  ""•*"» I 
dung  from  the  yard  was  ufed,   were  as  much  infeded  laft 
autumn  as  the  manured  crops.     The  immenfe  multiplication 
of  the  difeafe  in  the  lad  feafon,  feems  however  to  account  for 
this ;  as  the  air  was  no  doubt  frequently  charged  with  feed 
for  miles  together,  and  depofited  it  iadifcriminately  on  ail 
forts  of  crops. 

It  cannot  however  be  an  expeniive  precaution  to  fearchand  nay,  itla. 
diligently  in  fpring  for  young  plants  of  wheat  infeded  with  *^^^  j^Lrf-^ ! 
the  difeafe,  and  carefully  to  extirpate  them,  as  well  as  all  by  estirpatfag   ' 
graflcs,  for  feveral  are  fubjed  to  this  or  a  (imilar  malady,!*^J^*"^*'* 
which  have  the  appearance  of  orange-coloured  or  of  black 
firipes  on  their  leaves,  or  or  their  ftraw ;  and  if  experience 
(hall  prove  that  uncorrupted  draw  can  carry  the  difeafe  with 
it  into  the  field,  it  will  cofi  the  farmer  but  little  precaution  to 
prevent  an)-  mixture  of  frefli  flraw  from  being  carried  out 
with  his  rotten  dung  to  the  wheat  field.  , 

In  a  year  like  the  prefent,  that  offers  fo  fair  an  opportunity,  whether  blighN 
it  will  be  ufeful  to  obferve  attentively  whether  cattle  in  the  flraw  ***  Jj?^  ^JJ?''** 
yard  thrive  better  or  worfe  on  blighted  than  on  healthy  flraw.  than  clean  ftrai^ 
That  blighted  flraw,  retaining  on  it  the  fungi  that  have  robbed  ^' "^  ' 
the  corn  of  its  flour,  has  in  it  more  nutritious  matter  than 
dean  flraw  which  has  yielded  a  crop  of  plump  gmin,  cannot 
be  doubted;  the  queflion  is,  whether  this  nutriment  in  the 
form  of  fungi  does,  or  can  be  made  to  agree  as  well  with  the 
ilomachs  of  the  animals  that  confume  it^  as  it  would  do  in  that 
cf  flraw  and  corii. 

It 
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Tbouih  the  It  annol  be  improper  in  this  place  lo  remark,  lliat  allbough 

cffltn  iffjid'liiile  "'*  '*^^'  "'  "^^at  are  rendered,  by  (he  cxhaitfltng  power  of 
floui,  thcjin  ihe  fungus,  (o  lean  and  (hrjvelied  (liat  fcarce  any  ftour  fit 
fclb>"«d?c'°'  '"'■  "'^  manufaaure  of  bread  can  be  obtained  by  grinding 
plumfclKiaipluilbem,  thefe  very  feeds  will,exi-epl.  perliaps,  in  Ihe  very  word 
cafes  *,  anfwer  ihe  purpofe  of  feijd  corn  as  vvell  as  the  fsircA 
and  plumpel)  fample  that  csn  be  obtained,  and,  in  Tome 
■Ddiremuch  lefpeds  better;  fur  as  a  buQiel  of  much  blighted  com  will 
monnunKRiiu  contain  one-third  at  teafi  more  grains  in  number  than  a  bufljel 
maSan.  ^^  plutnp  corn,  three  buHieU  of  fuch  corn  will  go  as  far  in 

fowing  land,  as  four  bulbels  of  large  grain. 
The  flour  in  [he      Theufeof  Ibe  flout  of  corn  in  furthering  iheprocefs  of  vegc- 
DirLveli.^  ?t.in    (aHon,  is  to  nourim  the  minute  plant  from  the  time  ol  ii« 
ID  nauri^  tbe      developemcnt  till   its   roots  are  able  lo  atlra^  food  from  ihe 
minute  pUnu  till  manureil  earth:  for  this  purpofc  onertenth  of  the  contents  of 

they  like  root.  -  r      r 

a  grain  of  good  wheat  \<i  more  than  (ufhcienl.  The  quanlit^  uf 

flour  in  wheat  has  been  incrcafcd  by  culture  and  managemenL 

calculated  lo  improve  its  ([ualilies  for  the  benefit  of  mankind, 

in  Ihe  fame  propniiion  as  the  pulp  of  applei  and  pears  ha* 

been  increafed  b^  the  fame  mean:;,  above  what  is  found  on  the 

wildings  and  crabt  in  the  hedge*. 

It  ii  1  wiSefal        It  it  cuflomary  (o  fel  afide  oi  to  purchafe  lof  feed  com,   the 

Stt^m^ft'"'   boldefiand  plumped  fainples  that  can  be  obtained;  that  i^ 

gnln  for  feed,     (hofe  that  contain  the  nioR  flour ;  but  this  ii  unnecelTary  wafl^ 

Tl«fra.lleft        nf  human   fubfiflence;   the   fmalleft  giains  fuch  as  are  fifled 

the  mill  ite  out  before  the  wheat  is  carried   to  market,  and  either  cnn- 

M«iir_gDo<l  far  fun,ej  In  ihe  farmer's  family,  or  given  lo  his  poultry,  will  be 

found  by  experience  lo  anfwer  tlie  purpofe  of  propagating  the 

folt  from  whence  tiiey  fprui.g,  as  eirt-auatlj  as  the  larjiell. 

ArnoBemint  of      Every  ear  of  wheat  is  compo(ed  ol  a  number  of  cups  placed 

«»oJ'whei"  *"  'llernately  on  each  fide  of  the  ftraw  ;  the  lower  oties  contain, 

TheluweioMi   according  to  circumftsncei,  three  or  four  grains,  nearly  equal 

fc^VTiT "   '"  ''^'  *""  '"'"*"*'  '''*^  '"P  °^  ^^^  ^^''  "'i^f*  •''*'  quan'ily  of 

urpuve  not     nutriment  is  diminiAied  by  the  more  ample  fupply  of  ihofe 

mftnar  ti  ksi,  ^^^p^  thai  are  neaier  the  root,  the  third  or  fourth  grain  in  a 

cop  U  frequeutly  defrauded  of  its  proportion,  and  becoaei 

*  '80  grains  of  the   mofl  blighted  wheal  of  the  lift  yt»Xi  lh»t 

eculd  be  obtained,   were  Town  in  pots  in  the  hol-htiufi ;  of  tbd^ 
fevcDij-lwo  produced  healthy  plants,  alolsof  lOper  cent.  oelj. 

Ihiireik^ft 
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Qirifelied  and  (mall.  Tbefe  fmall  grains,  which  arc  rejc6!«d 
by  the  tpiller,  becaufe  they  do  not  contain  flour  enoogh  for 
hit  porpofe,  have  nevertheiefs  an  ample  abundance  for  all  ' 
purpofes  of  vegetation,  and  ai  fully  partake  of  the  fap,  (or 
blood,  as  we  fliould  call  it  in  animals,)  of  the  kind  which  pro* 
duced  them,  as  the  fairefl  and  fuUeli  grain  that  can  be  ob- 
tained from  the  bottoms  of  the  lower  cups  by  the  wafteful 
procefs  of  beating  the  (heaves. 


BXPLANATION    OP    THE    PLAT£S. 

Fhit  IX. 

Fig*  1.  A  piece  of  the  tnfeded  wheat  draw — natural  fize: 
at  a  the  leaf  (heath  is  broken  and  removed,  to  (hew  the  (Iraw 
which  is  not  infe6led  under  it. 

/ig.  2.  A  highly  magnified  reprefentation  of  the  parafitic 
plant  which  infers  the  wheat:  a  in  a  young  (late ;  ^full  grown; 
f  are  two  plants  burding  and  (bedding  their  feeds  when  undisr 
water  in  the  microfcope ;  d  two  plants  burft  in  a  dry  (late; 
f  feeros  to  be  abortive ;  /  feeds  in  a  dry  ftate ;  g  a  fmall  part 
of  the  bpttoqi  of  a. pore  with  feme  of  tlie  parafitic  fungi  grow- 
ing upon  it.  ^' 

Fig.  3.  A  part  of  the  ({raw  of  jjj^.  I,  magni(ied, 

fig.  4.  Part  o{  fig,  3  at  a  6  mure  magnified. 

Fig.  6.  Part  of  a  draw  fimilar  io  fig,  3,  but  in  its  green  flata^ 
and  before  the  parafitic  plant  is  quite  ripe. 

Fig'  6.  A  fmall  part  of  the  fame,  more  magnified. 

Plate  X. 

Fig,  f.  A  highly  magnified  tranfverfe  cutting  of  the  ilraw, 
correfponding  with  Fig.  4.  PhU  I.  (hewing  the  infertion  of 

the  parafite  in  the  bark  of  the  draw. 

Fig.  2.  A  longitudinal  cutting  of  the  fam^;  magnified  to 
the  fame  degree. 

Fig,  3.  A  fmall  piece  of  the  epidermis  of  a  draw,  (bewin^^ 
^the  large  pores  which  receive  the  feed  of  the  parafite  j  the 
imaller  fpott  obfervable  on  the  epidermis^  ^e  the  lN^(bs  of 

bairt 


hmn  ttnrt  -  grow  on  the  plant  of  die  wfiett  'vvfclfft  joong;  hit 
wfeich  ftll  off  when  it  ripent,  nagnifad  to  the'fiiM  ilf^ipret 
M  the  preceding  figoren.  ''I 
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Theortm  rejpeding  the  PropertieB  tf  ike  Siin  cf  Ttitm^  ti 
%erfe6Ud  by  Right  lAnet  drawn  from  the  three  Angke  Jbas  i» 
meet  im  one  Faint,    By  Afr.  John  Gougb. 

To  Mr.  NICHOLSON. 

SIR, 

Middkjhm,  Marek  I,  1805. 

m^er.  CtEOMETRICIANS  have  paid  but  little  attention  to  the 
^'^''Hl^  properties  of  the  (idet  ofiriangleit  which  are  bterfeded  bf 
right  lines,  drawn  from  the  three  oppofite  angles  fo  at  to  meet 
in  one  point.  Perhaps  all  the  theorems  of  this  kind  thsKt  have 
been  hitherto  pabliflied«  are  contained  ra  the  fecond  bpok  of 
Emerfbn's  Geometry,  with  the  fingle  excepdon  of  a  propoffi- 
tion  given  by  Mr.  Landen;  who  has  proved  that  if  one  of  the 
internal  angles  of  a  tringle,  and  the  two  oppofite  external  an* 
gles  of  the  fame  be  bifedted,  the  right  lines,  drawn  for  this 
purpofe,  will  alfo  meet  in  a  common  point.  The  following 
propofitions  take  a  more  general  view  of  the  fubjedj"  and  as 
fome  mathematical  papers  have  appeared  of  late  in  the  Philo- 
Ibphical  Journals  I  have  ventured  to  a(k  a  place  for  the  prefent 
fiieet^  in  your  valuable  mifcellany. 

I  remain.  Sec. 

JOHN  GOUGH. 

P.  S.  In  vol.  X.  page  66,  line  2,  for  5|  yards  read  3|  yards. 


Propofition  \fi.  Let  three  right  lines  C  M,  B  N  and  A  S, 
(FldteXl*  Fig.  \,2.)  drawn  from  the  three  angles  of  a  trian- 
gle ABC,  interfedl  the  oppofite  fides,  produced  or  not,  in 
the  points  M,  N  and  S,  and  alfo  meet  each  other  in  a  com* 
non  point  O;  then  if  all  the  points  M,  N  and  S  lay  betwixt 

the 
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the  ah((Qkr  points  B^  A  and  C,  (he  place  of  O  tvill  be  within  ORHln  biwefw 
the  triangle,  and  the  three  lines  C  O,  B  O  and  A  O  will  fall*^*^  «rf><l^ 
wholly  within  the  fame ;  but  if  one  of  thefe  points,  as  S,  lajr 
in  B  E»  which  is  C  B  prodaced»  the  place  of  O  will  be  ex- 
ternal to  the  triangle ;  in  which  cafe,  one  of  the  two  remain* 
ing  points  of  interfedion  will  lay  in  its  refpe6tive  fide  pro- 
duced; but  the  (ituatfon  of  the  other  will  always  be  betwixt 
the  angular  points  of  the  third  fide. 

Drmonfiration. 

Cafe  }Ji.  Let  M,  N  and  S  (Fig.  1.)  be  betwixt  the  anga- 
lar  points  B,  A  and  C ;  in  which  cafe,  the  triangles  A  B  C» 
M  B  C  are .  of  the  fame  altitude ;  coofequently  they  are  at 
their  bafes  A  B,  B  M,  Euc.  1.6;  but  B  M  is  a  part  of  A  B  bjr 
hypothefis;  therefore  the  triangle  M  B  C  is  a  part  of  A  B  C, 
(Simpfon's  Euclid,  D.  5.)  that  is,  the  triangle  A  BC  contains 
the  triangle  M  B  C  ;  for  the  fame  reafon,  the  fame  ABC  con- 
tains the  triangle  SAB;  but  the  figure  M  B  S  O  is  common  to 
the  triangles  MBC,  SAB;  therefore  it  is  contained  in  the 
triangle  ABC;  confequently  the  place  of  O  is  within  the 
fame :  now  as  the  points  A^  B,  C  and  O  are  all  found  in  die 
fpace  A  B  C,  the  lines  A  O,  B  O  and  C  O  mufi  alfo  lay  whollj 
within  the  (ame  triangle, 

Cq/t  'J.  When  the  point  S  falls  in  B  £  or  C  B  produced* 
(Fig,  2.)  the  angle  C  B  A  is  external  to  the  triangle  A  B  S; 
therefore  it  is  greater  than  the  angle  B  S  A,  fEuc.  17,  1;)  and 
the  fum  of  the  angles  CAB,  A  C  B  is  lefs  than  the  angles 
C  A  S,  A  C  S  taken  together,  (Euc.  32.  1 ) ;  hence  the  angle 
C  A  B.  is  lefs  than  CAS;  confequently  the  right  line  A  S, 
produced  at  pleafure,  falls  wholly  without  the  triangle  A  B  C» 
Now  if  the  remaining  two  lines  C  M  and  B  N  be  fuppofcd  to 
cut  the  fides  B  A  and  A  C  not  produced,  the  place  of  O,  their 
common  interfedlion,  will  be  in  the  fpace  ABC,  by  Cafe  1 : 
but  this  is  impoflible;  for  O  is  in  the  right  line  A  S  by  hypo- 
thefis; which  has  been  (hewn  to  fall  wholly  without  the  trian- 
gle A  B  C»  confequently  one  at  leafi  of  the  lines  C  M,  B  N 
mufi  alfo  lay  without  the  fame  fpace;  let  this  be  BNf  and 
draw  O  K  parallel  to  C  A ;  then  the  external  angle  O  K  £  of 
the  triangle  O  K  C  is  greater  than  the  internal  and  oppofite 

angle 


CMia  1*2*^  angle  B C  M,  Jt.ti  Ut  themg^OKE,  ACB  am  CfMl 
*"  ^  ^'"'^^  r£M^*  29. 1  {)  therefore  the  C^^ 

gie  A  B  C,  end  it  coirteined  in  it;  bet  thefe  trienglei  eieae 
their  beiei  M  B,  B  A  (Em.  1.6 ;)  coofeqwntly  MB  it.epert  of 
^  B  A,  Simf.  £irc.  D.  5;  end  the  point  M  ii betweai  the  poi&tft 
.  '  A  end  &    Q.  £.  D.      . 

CoreUtny.  Hence  it  eppeert  the!  iftwolioetCkeiid  BN 
be  drawn,  and  their  interteAion  O  kjr  within  the  triengle 
A  B  C,  the  place  of  the  third  point  S  will  be  in  die  fide  B  C 
onproduoed.  Bat  if  O  lay  withoet  the  triangle,  the  phce  of 
tiie  third  point  will  depend  on  the  fitoation  of  the  given  points; 
namely  if  thefe  be  in  two  fides  produced,  the  place  feegbt  will 
lay  in  (he  remaining  fide  onproduced ;  bat  if  either  ef  the  gttreo 
pointt  fall  between  two  angles  of  the  triangle»  the  third  will 
be  found  in  the  remaining  fide  prodoced.  - 

PrcpoJUiona.  Ifaright  IhieCM  fFig/l.)  ^tbawn  firom 
C,  one  of  the  angles  of  a  triangle  A  B  C»  to  cut  the  oppofife 
fide  A  B,  produced  or  not,  in  M,  and  if  firon  the  point  M^ 
perpendiculars,  M  F,  M  H be  let  fall nponthefidei  A  C,C  B, 
the  reaangle  B  M,  M  F  will  be  to  the  rrfiangte  A  M,  M  H, 
asBCistoCA. 

Demonjiratiot^.  Draw  A  P,  B  Q  perpendicular  lo  BC,  C A| 
then  we  have  the  following  proportions,  by  femiiar  triangles;  as 
MB:  MH  ::  AB:  AP;  anda!tMF:MA  ::  BQ  :  BA; 
hence a^  M  Bx  M  F  :  A  Mx  M  H  : :  BQ  :  A  P.  But  as  BQ  : 
A  P  : :  BC  :  C  A,  liuc.  14.6;  therefore  the  redangle  M  B, 
MF  is  to  the  reaangle  M  A,  MH  as  BC  is  toC  A.  Evr. 
11.5.     Q.  E.D. 

CV)r.  \Jt.  lit  Ok,  Of  be  drawn  perpendicular  to  B  C,  C  A, 
from  any  point  O  in  M  C ;  the  ri'^angle  M  B,  Of  will  be  to 
MA,  Oh  as  B  C  is  to  C  A ;  for  by  fimilar  triangles  as  /O  ; 
OA::FM  :  MH;  hence  asMBxO/:  MAxOA::MB 
X  M  F  :  M  A  X  M  H ;  confequcnlly  as  M  B  x  Of  :  M  A  x 
OA  : :  BC  :  C  A.  £uc.  11.5. 

Cor,  2nd,  Let  the  triangle  A  B  C  be  ifofcelesi  having  the 
fides  B  A,  A  C  equal;  alfo  let  C  M«  B  N,  drawn  to  the  op* 
pofite  fides  BA,  A  C  meet  in  O;  then  the  point  S  is  given, 
in  which  A  O,  produced  if  necefTary,  cuts  the  remaining  fide 
C  B.  For  draw  Of,  O  g  perpendicular  to  C  A,  A  B,  and  we 
ihaMhave,  asBSxO/:  CSxOf  :;  PA:  AC,  Cqr.l;  but 
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B  A^  A  C  are  equal  by  bypolbefis ;  therefore  B  S  x  0/=2  C  S  Cet^n  V!^^ 
X Og;  hence  as  OgiOfiiESiSC;  confequeiitly  the***      ^'^^^ 
point  S  may  be  found,  proper  attention  being  paid  to  Cor, 
Prop,  1. 

PropoJUion  3.  If  ihree  right  lines  CM,  B  N,  A  S,  drawn 
from  the  three  angles  of  a  triangle  ABC  (Fig.  1  and  2)  meet 
each  other  in  a  point  O,  and  the  oppoiite  fides  B  A;  A  C  and 
C  B,  in  My  N  and  S ;  the  fegmentt  of  any  one  fide  are  as  the 
re^ngle  under  the  alternate  fegments  of  the  remaining  two 
fides;  i.e.  B  S  is  to  S  C  as  the  redangle  B M,  A  N  to  th^ 
redangle  C  N,  A  M. 

DcmonftrtUion.  Draw  O/y  O^,  O  A  perpendicular  to  C  A» 
ABandBC.  Then  as  BC  :  C  A  : :  BMxO/:  A  MxOA; 
Cor,  1.  Prop.  2 ;  ibr  the  fame  reafon  asAB:  BC::  NAx 
Oh:  NCxOe;  hence  as  BA  :  AC  ::MBxNAxO/: 
NCxMAx6g;butasBA:  AC  ::  BSxO/:  CSxO^ij; 
confequently  B  S  is  to  S  C  as  the  redangle  B  M,  A  N  is  to  the 
reaangle  C  N,  AM.    Q.  E.  D. 

Cor,  If  two  right  lines  C  M,  B  N*  be  drawn  from  two  an* 
gles  of  any  plain  triangle  A  B  C»  fo  as  to  meet  each  other  in 
a  point  O,  and  the  oppofite  fides  B  A,  A  C  in  M  and  N;  a 
point  S  may  be  found  in  Ihe  remaining  fide,  produced  if  ne» 
cefiaryy-fothat  if  S  A  bejoinedy  the  right  line  AS  fliall  pa& 
through  O.  For  fince  the  right  lines B M,  M  A,  AN  and 
N  C  are  given,  the  redtangles  B  M,  A  N  and  C  N»  A  M  are 
alfo  given ;  confequently  the  ratio  of  thefe  rcdlangles  is  given : 
but  the  right  line  A  O  cuts  the  fide  C  B,  produced  or  not,  ao> 
cording  to  circum fiances,  in  the  fame  ratio,  by  tlie  lafi  pro- 
pofition ;  therefore  if  both  M  and  N  lay  betwixt  the  angular 
points  of  the  triangle,  or  in  their  rcfpcdive  fides  produced, 
divide  B  C  in  S,  fo  that  B  S  may  be  to  S  C  io  the  ratio  of  the 
redangles  B  M,  A  N  and  C  N,  A  M  ;  then  will  S  be  the  re- 
quired point  by  Cor,  to  Prop,  1  ^  but  if  M  befituated  betwixt 
the  angles  B,  A,  and  N  lay  in  C  A  produced ;  find  S  io  C  B 
alfo  produced,  fo  that  B  S  may  be  to  S  C  as  the  re6tangle  B  My 
A  N  is  to  the  redlan^lc  C  N,  A  M  ;  and  S  will  be  the  re* 
quired  pomt,  by  the  corollary  lafi  referred  to. 

Pr(^.  4.  Let  three  right  lines  C  M,  B  N  and  A  S  (Fig.  1 
and  2)  drawn  from  the  three  angles  of  a  triangle  ABC,  in-  % 

terfe^l  each  other  in  a  common  point  O,  and  meet  the  oppo* 
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file  6det  B  A,  A  C  and  C  Bt  in  Am.  ptfiiilt  11^ «.  tad  S I  V 
AN  be  la  NC  uA'B  it  toBiQ;  hot  BMbaloMAtt 
VC  »  lo&A;  then  fill!  BS  be  toSC  mOm  pfoduft  «f 
B^A  into  JK2  it  to  the  prcMlua  of  B^C  into  A'M. 

Dmet^tmtiom.  AtAN  ;  NC  :t  BTA  :B^;aa4«aBM 
cMA:s  BFC  zCrA  hj  liypotlie6t|  heooe  m  BJMxAN: 
CNxAM::BrAxBrC:B*CxC'As  boiesBMxAN: 
MCxAM::BS:SC;  ooofaqneBtljr  BS  it  to  8C  «t  the 
fndoa  of  B»A  into  B^C  it  to  the  pnxloa  of  BK:  into  CA^ 
Akt.  II.  5.    Q.E»D. 

C^roMairy  I/.  The  preceding  theorem  it  genenl ;  far  the 
iMiot  of  BM  to  M  A,  end  of  A  N  to  NC  ceo  be  mpieied 
hj  fome  power  or  powert  of  the  lioet  B  C»  C  A  and  A  B, 
BC,  which  contain  theanglet  oppoiteto'thefidet  BAand 
AC;  therefore  if  the  pointt  Mf  N  and  S  be  arranged  aocord- 
■ig  to  the  corollary  to  Propotition  Ift^  and  the  fegmenU  be- 
twixt Ihefie  poiatt  and  the  adjacent  anglet  have  the  ratiot  a^ 
ligned  in  the  prefent  theorenip  right  h'net,  drawn  fion  M,  N 
«nd  S  to  the  oppofite  anglet,  will  all  cseet  in  one  point. 

Cor,  2.  When  r  and  p  are  equal,  BS  it  to  S  C  at  VA  k 
lo  A^C  bj  thepropofitioo;  therefore  if  the  fiymenla  betwixt 
^he  pointt  M>  N,  S  and  the  adjacent  anglet  are  in  the  ratios  of 
the  adjacent  (idesruifed  to  any  given  power,  right  lines^  drawn 
from  M,  N  and  S  to  the  op|K>fite  angles,  will  all  meet  in  one 
point  by  Cor^  \fi. 

Cor.  $rd.  Let  p=:o ;  then  as  B  S  :  S  C  : :  B^A  :  A*^C 
by  the  propoHlion;  but  B^A  :  A^C  is  the  ratio  of  equality; 
therefore  if  M,  N  and  S  bifeft  the  three  (ides  of  a  triangley 
lines  drawn  from  them  to  the  oppoGte  angles  will  meet  in  one 
point  by  Cor,  2nd. 

Cor.  4.  Letp  =  1  ;  alfo  let  M  and  N  interfea  the  fides 
B  A,  A  C  not  produced ;  then  S  lays  between  the  angular 
points  B,  C,  Cor.  Prop.  1  ;  and  as  B  S  :  S  C  : :  B  A  :  A  C, 
Cor.  2 ;  therefore  the  right  line  S  A  bifedts  the  angle  B  A  C ; 
confequently  if  three  right  lines  bifed  the  three  internal  an- 
gles of  a  triangle,  they  (ball  all  meet  in  one  point  by  the  lad 
propofition. 

Cor.  5.  Let  p  =  1  as  before ;  alfo  fuppofe  M  to  be  in  the 
fide  B  A  not  produced ;  but  let  N  be  without  the  triangle ; 
then  S  is  in  C  B  produced.  Cor.  Pn^.  1 ;  but  at  B  3  :  S  C  : : 
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B  A  :  A  C/  Car.  2 ;  therefore  S  A  blfedt  the  angle  BAN. 
(Simpjim's  EucUd.  .6  A) ;  alfo  as  B  M  :MA::BC:CA; 
therefore  C  M1)ifeds  the  angle  A  C  B,  Euc»  3.6  ;  confeqaentlj 
if  two  lines  bifed  any  two  of  the  external  angles  of  triangles, 
and  a  third  line  bifed  the  internal  angle  oppoiite  to  thefe  an* 
gles,  thefe  lines  (hall  meet  in  one  point  by  the  la(l  piopofition. 

Prop.  5.  If  B  M  be  to  M  A  as  B»C  to  CA ;  and.A  O,  O/bc 
perpendicular  to  B  C  and  C  A;  AO  is  to  0/asB'--«Clo 
C'-*A. 

Dcmonftration.  As  B  MxO/:  A  MxO  A  : :  B  C  :  C  A« 
Cor.  1.  Prop.  2 ;  and  as  B**C  :  A'C  : :  B  M  :  M  A  by  hypo- 
theOs ;  therefore  as  BK: X O/ :  A'CxOA  : :  BC  :  C  A;  co»- 
fcquentJy  as  Oh  :  O/: :  B»— 'C  :  C     'A.     Q.  E.  D, 
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A  Communication  on  the  Ufi  qf  Green  Vitriol,  or  Stdphate  qf 
Iron,  as  a  Manure;  and  on  the  Efficacy  qf  paring  and  hum-' 
ing  depending,  partly,  on  Oxide  of  Iron.  By  George 
Pearson,  M«  D.  Honorary  Manber  of  the  Board  qf  Agri* 
culture,  F,  R.  S.  From  a  Communication  made  by  him  to  the 
Boardf  and  inftrted  in  the  fourth  Volume  qf  their  TranfoBiont. 

(Concluded  from  page  2I4.) 

APPENDIX. 

X  HE  following  fads^  lately  difcovered  by  moft  refpedable 
chemifis,  appear  to  be  worth  adding  to  the  preceding  memoir, 
as  they  ferve  to  (hew  that  other  falts,  bcfides  fulphate  of  iron 
and  certain  earths,  may  be  employed  advantageoufly  as 
manuresi  although  like  iron  \k^  have  been  efleemed  deleterious 
to  plants.  Of" 

1 .  AJhes  of  Pit  Coal  arc  a  good  Manure  for  Graji. 

My  much  valued  friend,   the  Rev.  William  Gregor,   of  TheaftetofiSt 
Grampound^  on  examination  of  the  a(hes  of  coal  from  Liver-  ^J^§Jgg^ 
pool,  found  them  to  contain  both  fulphate  of  magneiia  and 
fulphate  of  lime,   efpecially  the  former,  ialt.     I  apprehend 
that  thefe  aQies  alfo  contain  osiide  of  iron,  or  perhaps  fulphate 

of 
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ofiron.    Tbafa  slbct,  bjf  Mr.  Grapirt  ^Jkmiwi 

graft  apfMieftdy  produced  (ood.  oMb  MftrfC^Mi^f 

jyipkMteqf  imgmfitt,  which  I  wm  wdl  aland  Ibq 

Sec  Nichdlfen'i  Joanml,  Vol.  V.  p.  S83. 

Wgattof  Fron»  this  obremUtoii  of  Mr.  Grcgor,  it  Iccbi  ho  ia  mmtm 

mtUhJ!^    ^  ^ prevailing popolar  opinioDi  thai falphBte  of  magMifia 

topteBO^tho*     b  not  &voiirabie  to  vegetation';  and  to  reeoopdlc  his  faa  wtdi 

|M  aaiMfe    fj^  anfriendly  nature  o(  magoefia  to  plaati,  ai  difbo^rad  fay 

Mr.  Tennanf,   he  obfervet  that  the  effedt  of  foIplMld  of 

MBgoefia  fliaj  he  very  different  frooi  thoTo  of  nagnefia  and 

carbonate  of  magnefia.   .1  apprehend  it  if  the  m^pefia  (cat 

«med  magne^a)  only  which  thii  teamed  cbemift  mad,  bartfid 

to  vegetablci«  as  the  dilc<Wery  was  made  on  the^efeaninatMai 

ef  Nottingly  lime,  which  the  farmers  near  Doocafier  enploy 

Off  a  manure,  while  they  rejeQ  the  Kase  of  their  own  neighboar* 

hood.    In  the  latter  Mr.  Tennant  met  with  magnefia,  and  in 

the  former  none.    See  the  adcoiint  of  this  important  difeovery 

in  the  Phtlof.  Tranfitfiions. 

9.  Tht  EaHkJrom  4/lie$  cMd  Cinii,  UmdmrMemd^ftrnkm 
Manure;  by  Prnftffor  AfUMll,  rf  Nem  York,  am  ^  At 
Reprefintaiive9  s«  Cougrefi.    Addreffled  to  Dr.  Pmrfmu 

Earth  from  lihet     Dr.  Mitchill,  in  a  letter  addreiTed  to  me  on  ctntr,  or  earth 
***'"®^ "*""'*•  found  in  the  alhes  of  wood,  has  made  fome  obfervations  rela- 
tive to  the  preceding  memoir,  which  feem  worthy  of  notice. 

*'  A  (lies  of  wood  contain  very  commonly  fulphate  of  pota(b» 
alfo  phofphoricacid,  befides  other  well  known  faltii ;  but  after 
thefe  falls  are  feparaled  by  lixiviatton,  there  remains  a  pecafier 
enrlh,  and  a  fmall  proportion  of  iron.  This  earth  difiers  from 
jiuie,  baryt,  magnefia,  Aronlian,  or  any  othec  known  fpedes 
of  earth.  I  would  call  it  cinis,  for  plentiful,  comnoon.  and 
imporlant  as  it  is,  fciencc  has  npt  dignified  it  with  a  name. 
To  judj^e  of  the  exc^ellcnce  or  his  earth  as  a  manure^  after 
all  the  falts  are  exlradcd  from  foap  boilers'  a(hes,  the  earth 
fells  for  ten  cents  the  bu(li»l^  and  notwithftandtng  this  high 
price,  it  is  not  utnifual  for  the  farmer  to  pay  for  the  article 
twelve  montht  beforehand.  When  ploughed  into  llerile 
ground,  at  twelve  loads  per  acre,  it  produces  great  crops  of 
wheats  clover,  and  other  forts  of  grafs  and  grain,  and  its 
fertilizing  operation  will  lad  twenty  years.     Although  ibme 

*  From  Ixttsutt 
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fif  the  other  lagredienls  of  (he  alliea  left  after  tikiviation  may 
prove  beneficial,  yel  the  effefls  afe  chiefly  ftom  ihe  cinis,  ot 
new  named  earth. 

"  This  earth,  which  is  fb  prized  in  America  as  a  manare, 
was  efieemud  of  old  in  Afia,  as  an  ingredient  in  a  cement : 
among  the  ancient  Sjriatis,  it  was  one  of  the  materials  form- 
ing liie  pbller  of  their  walls ;  and  as  il  holds  an  intermediate 
plate  between  lime  and  polalh,  il  can  ealily  be  conceived 
how  it  may  a£t  both  a«  a  cement  and  a  manure.  It  is  to  be 
hopetJ,  chemiUs  will  turn  their  attention  to  this  important 
fubjefl."  See  Tilloch's  Philor,  Magazine,  Vol.  VII.  p.  273, 
for  (he  whole  of  this  interefling  letleri 

3,  Sneral  Mtiallic  Sails  promote  VegetaHon,  Jh^j^n  ty  the  £j» 
perimeitCi  qf  Pro/cffor  Barton,  qf  Philadelphia. 

leiter/rom  Benjamin  Smith  Barton,  AT,  D.  Prn/tffor  of  Medicine 
in  the  Calkse  "f  Philnildphia,  to  Dr.  Fearjon,  containing 
Experiments  nilh  Mctatlie  Solulioiis  to  determine  their  EJcctt 
bn  Planti, 

SiK, 

Phitadelphia,  Ofl.  23,  1802; 

IN  the  AannU  «/  ^ted!eine  fer  the  jear  1801,  you  inform  Dir*a«tpe«i-  i 
Ui,  that  you  have  lately  read  a  paper  at  ihe  Board  of  Agricul-  ^"q,'"'  "*"- 
lure,  ■'  coniaitilng  an  account  iif  the  efftas  of  a  falinc  body  Uiu  « 
collected  from  peat,  as  a  mod  powetful  manure,  which  turns "™' 
out  to  be  fiilphate  of  iron  ;   a  fublfance  (you  remark)  liilherlo 
confidered  to  beapoifon  to  plants."   This  piece  of  intelligence 
gave  me  much  falisfaclinn.      I  have,   for  fome  years,  been 
engaged  in  an  extenftve  feries  of  experiments,  relative  to  tlia 
elTuQs  of  variouiilimulaling  article*,  fueh  as  camphire,  &c. 
upon  vegetables:  3iid  on  the  abforption  of  certain  powerful 
mineral  lubtlances  into  the  organic  fiflem  of  vegetables.     In 
numerous  infiances  I  have  fubjefleil  Ihe  ftems  and  leaves  of 
plants,  young  and  old,   large  and  fmall,  to  the  influence  of  the 
fulphates  of  iron  aiiii  copper.     I  have  found,  that  both  oi 
Ihefe  metallic   falti  are  very  greedily  sbforbed  by  vcgelables, 
infoffluch  that  I  have  detected  ihe  prefence  of  iron  in  the 
velTds  of  a  branch  of  mulherry,  at  the  height  of  five  or  (^x 
feet  above  the  place  of  imnierfion  in  a  folution  of  the  fulphate 
of  lhi»  metal.     A  full  account  of  my  cKperimenia,  I  defign 
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nicale  Id  the  public  in  (wo  memoiri. 
to  obferve,  in  ihe  meanwhile,  thittbefatphaleonron,  applied 
to  vegetables  in  the  manner  I  have  menltoned,  "  ii  only  ((o 
ufe  jOur  own  ivord«)  a  poifon,  like  sloiui)  every  thin^  dfe, 
from  ihe  over-dufe."  Jiijttxrai  of  my  tiperiintnia,  iht  bnaclie* 
<^' TegctaliUs  tliat  laetx  placed  in  veffiL  eontaiuiiig  jolutions  ijf 
JhlpfuUe  o/  iron  and  copper,  hvtd  longer  tnd  exhibited  more 
Ji^iu  qf  vigour,  tkaii  Jimilar  branchct  that  Juere  placed  ia  ttjuai 
quaiUities  <•/ Jiinple  uaitr.  ll  isiiue,  that,  in  many  other  ex- 
perimenU,  thefe  meUiiic  falti  proved  lalal  !□  my  plants;  but 
Uii*  wai  when  I  employed  too  large  s  dofe.  In  like  manner 
I  had  foiirid  feveial  years  ago*,  that  L-amphire,  by  greatly 
flimulating,  often  kills  vegetables;  and  yet,  when  properly 
dofed,  ihii  n  a  very  whulefnme  flimulant  to  plants,  I  had 
alTo  found,  that  large  dofes  of  nitre  (which  is  unqueflionablr 
a  powerlal  fiimulanl  both  with  refped  lo  animals  and  veg(^  1 
table*)  ptodufc  an  nppearance  like  genuine  gangrene  in  the* 
leaves  of  vegelables :  and  )et  it  is  certain  that  nitre,  when 
it  is  jiidicioufly  dofed,  may  be  made  to  greatly  afliri  tlie  healthy 
vegetation  of  plants, 

Excufe  the  liberty  I  have  taken  in  troubling  you  with  theft  _ 
few  toofe  hints,  and  permit  me  lo  fubfcribemyrelf, 

Siri  your  very  humble  and  obedient  Servant,  8tc. 
Benjamin  Smith   Baktoi 

4.  Sulphate  of  Iron  in  the  Peal  of  Knffla,  found  by  Prqfrfor 

Kobiflm. 

Sulph»ie  of  iton      Something  elfe  bcfidee  vegetable  matter  is  necefTary  lo  fonDd 

""'"'''"  """peat  or  black  mots  of  the  moors.     The  fmell  of  burning  pe«|| 

ii  different  from  that  of  vegetable  matter.     Peal  allies,  fayi 

Ihe  PiofeTor,  always  contain  a  very  great  proportion  of  iron ; 

he  has  teen  three  platej  in  Ruflia  where  there  U  fuperficial 

peal  mofs,  and  in  ail  of  them  the  vilrird  is  fa  abundant  at  to 

effinrejle.     In  particular,  on  a  moor  near  SI.  Petetfburgh,  i 

clod''  ftiow  the  vitriol   (fulphate  of  iron)  every  morning  whoU'  I 

the  dew  hai  evaporated.    According  lo  this  learned  ProiefTorVj 

obferi-ation,  the  fulphate  of  iitm  in  pit  coal  may  be  accoonM 

fur  in  the  following  manner :  "  peat  moITes  form  very  n 

•  Sec   Tnmfaaions  of  the  American      Philofophical    SMieq 
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flrata,  lying  ini^eed  tm  the  farfkce ;  but  if  any  operation  of 
nature  (hould  cover  this  with  a  deep  loi^  of  other  matter,  il 
would  be  compreiTed  and  rendered  very  folid :  and  remaining 
for  ages  in  that  (itaatron,  might  ripen  into  a  fabftance  verj 
like  pit  coal.  See  the  Medical  and  Chirurgical  Review  foe 
November  1803. 

6.  Mr.  Anfity's  Ttjdmony  qftheUfi  <^P6at  Dt/fi  mid  teoi  4fiiC9^ 

Sir, 

Houghton  RegUt  Dec,  S,  1801, 

I  received  yours,  dated  the  18th  of  November  laft,  inTdUnonyof 
which  you  requefted  me  to  inform  you  what  experiment  X  had^*  ^^^7* 
made  from  the  turf  dufi,  takei^  firom  Tingrith  Moor.  I  have 
made  ufe  of  the  aihes  and  duft  near  thirty  years,  and  I  fre« 
quendy  lay  on  from  eighty  to  a  hundred  builiels  per  acre^ 
Our  land  is  dry  and  very  thin  (lapted,  owing  to  the  chalk  rock 
laying  fo  very  near  the  furface ;  it  encourages  vegetation  m 
moid  warm  weather;  but  when  hot  and  dry,  the  reverfe* 
We  never  mix  any  other  manure  with  it.  It  cofit  about 
four-pence  per  bu(hel,  including  all  expences. 

We  chiefly  fpread  it  on  our  feed  grafs,  clover,  &c. 

I  ami  Sir,  your  bumble  Servant, 

JOS.  ANSTEY. 


IV.  -> 

■ 

On  Spectacles,    In  a  Letter  from  Mr.  Ezbkibl  Walkbi.. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

Lym,  Fehruary  16,  1805* 

XN  a  farmer  gaper,  I  pointed  out  a  property  in  fpedacles,Pofidon  re^eA* 

which  had  been  overlooked  by  the  writers  on  optics  j  but  as"**  *P*«**>*«f 

(brae  of.  your  readers  entertain  opinions  contrary  to  mine, 

the  fubjed  feems  to  require  further  invefl^tion. 

'    What  I  have  advanced  concerning  fpedades  it,  that  we  vis.  that  we  fee 

fee  better  by  oblique,  than  by  dired  pencils  of  rays ♦.  tha^b^^JSS!*^ 
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oblique  pcocili. 


otf  sricTACttf. 

Ithu  been  demonllrsted  by 
pencil  of  raj'i  h^i  in  focus  a  liltle  nearer  the  ten*,  than 
AitcQ  pencil ;  but  how  much  Utit  difierence  aoMMflb  lo. 
diJFeiirnt  anglrs,  feetDt  not  to  have  allnfied  their  allenii 
Thi^  (liffi;tence,  buwerer,  ii  loo  confider&ble  la  be  difr 
ed,   when  Ihe  rayi  of  light  fall  very  obliquely. 

For   let  L  LiFig.  3.   PL  al)   rcprefcnla  double  conp« 
lens,  ['  ill  fucui,  A  F  ill  axi«,  and  aba  ray  parallel  to  ity- 
which  will  be  relrafled  lo  F,  after  patEng  Ihrough  the  lens, 
Alfo  let  c  b  and  i  <i  be  two  oblitjue  lays  fdlting  upon  the  leas, 
at  h  and  d. 

Then  Ihe  rayi  near  A  F  falling  almoU  perpend Icularljr 
the  fidei  of  Ihe  lens,  aie  lefs  bent  than  the  [a)sc  b,  dd.  wbi 
bll  obliquely  on  bolh  fides  of  Ihe  lens.     "  For  thi 
nblique  lliey  are,  Ihe  more  they  are  bent,  and  lunted  out 
their  dired  way.     And  confequf  iilly  the  oblique  rays  c  h,  ii 
will  fooner  inleifea  in  G,    (han   ihofe  at  F."     (Emerfc 
Opiic?!,  page  124.)     When  the  angle  ab  c\t  vetj  confidi 
able,    the  difTerencc  between   x  F,  and  y  G,   will  likewil 
be  very  confidcrable.     And  ilie  following  ftioti  account  of 
experiment!  will  throw  fomc  ligM  upon  (he  truili  of  thic  pre^ 
poULion. 

In  [lie  fpeflacles  thai  I  ufe,  the  reading  diftance  of  oblique 
rays  ii  four  inches  nearer  the  glalTes,  than  the  dillance  al 
which  I  can  fee  bell,  with  ihe  direfl  rays. 

And  by  experiinenit  made  with  a  lent  of  24  inchei  fc 
difUnce,  and  4  inches  in  diametert  conliafted  lo  |  of  an  ii 
I  found  [he  focal  diftance  of  an  oblique  pencil  of  rays  8  inches 
fliorler  than  the  focal  dillance  of  Uio  direfl  rays.  The  axil 
ot  ihe  lens,  when  placed  fui  the  oblique  rays,  made  an  angle 
of  2G'  with  a  line  drawn  from  its  ccnlrei  lo  (he  candle  t 
which  the  enperimenls  were  made.  And  Ihe  diflance 
iween  the  candle  and  the  lens  meafurcd  about  10  feet,  w 
tlic  leni  was  placed  lo  receive  [he  direfl  rays. 

Cor.  1.    When  an  objefl  Is   fecn  ihrough  fpeflacldi 
oblique  rays>  it  appears  larger  than  hy  ilircfl  ray$. 

For  llie  objefl  ii  feen  under  the  grcalefi  angle,  hy 
rays  that  are  itioll  rcfrafled. 

Cor.  2.  When  an  objefl  is  viewed  by  oblique 
through  fpeflacles,  i[  is  feen  more  diliinfily  vvilb  one 
than  with  lli«  oiber. 
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s  obliquely  upon  one  of  the  glaires. 


For  the  rays  Tall  i 
liian  upon  Ihe  olher. 

Cor.  3,  The  d'ite&  penciU  of  rays  are  hot  feldom  ufed,  by 
a  perfon  whofe  fpefiacles  are  of  the  longed  focal  ditlance, 
that  will  afford  him  dlDina  vit'ion. 

For  he  generally  looks  through  Ihofe  parts  of  hii  glalTiu, 
which  are  remole  from  their  cenlres,  in  confequence  of  that 
motion  which  U  given  (o  the  ejesj  to  view  objefli  in  dif- 
ferent direflions, 

I  am,  Dear  Sir, 

Your  mod  obedient  Servant, 

EZEKIEL  WALKER. 


Hrmarks  on  Ctrtain  Pajfagts  in  Dr.  Tkomjbn'i  Chcmifiry,  t<h 
gelhtr  luil/i  Jbme  Eiperimcnti  on  Sandarach  and  MaftU.  In 
a  iMterJrom  Mr.  R.  Matthew*. 


SIR. 


To  Mr.  NICHOLSON. 


In  a  work  of  fuch  importance  as  Dr.  Thomfon's  Chemiflry, 
which  mud  be  fo  freqoenlly  referred  to  by  the  lovers  of  that 
fcience,  the  flighted  inaccuracy  ought  not  lo  pafs  unnoLiccd: 
the  following  obferva[ion«  therefore,    pcrhapj  may  be  con- icDi.TIwi 
Cdered  fufficiently  inlereding    lo  deferve    a    place  In  your '•'*"' ""T-. 
valuable  Journal. 

In  his  'tlh  Vol.  lage  307,  Dr.  Thomfon  bai  the  following  it  it  flaied, 
remark;  "  Hilherlo  it  has  been  affirmed  by  all  chemifls  both  "'|"',1j!j 
ancient  and  modern,  that  the  alkalies  do  not  eiiert  any  action  thit  ilcalic 
on  the  refms,"     This  remark  I  admit  may  be  generally  true  j  "'"•^  "f 
but  although  mofl  chemiUs  have  been  negligent  in  afcertainlng 
theeffefls  of  alcalies  upon  fubdancei  of  this  nature,  I  con- 
ceive fame  of  them  were  not  unacquainted  with  the  powct 
ihey  pofTefi  of  diiTolving  rcfinous  bodies. 

Boerhaave,  for  in  fiance,  in  his  elements  of  chemirtry,  page  The  contmy 
545,  exprefsly  fays,  that,  "  both  the  lised  and  volatile  alcaljes  j"**"*' ' 
have  a  dilTolving  power,  upon  animal,  vegetable)  and  mineral  ' 

(tibltances,  fo  far  as  thele  conlaia  oilsi  ballams.  gums,  rvfiru. 
er  gummy  tofins,  Cf  c," 

i  HoAoani 
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HoffinanD  alfo,  by  the  method  lie  employed  in  ditTtrUinf 
amber  wllh  rauHic  nitte,  evinced  that  he  wa  acqualnled  vi'tlh. 
Ihii  properly  in  alcftlies.    Dr.  Thomron  detcribes  Mr.  HalchdC 
a«  (he  fitR  dircoverei  of  the  a^ion  Dfalcalieiupon  refin,    Tl 
fafls  above  quoted  will  lefTen  the  otif^inBiily,  v.  ilboul  di; 
iog  Ihe  value  of  Mi.  Halclielt's  ingenious  enpetimenU. 

How  thorcfore  it  can  be  true  Ihat.  "  all  cli(;mil(s  bo( 
ancient  and  modern)  have  aHirraedi  lliat  the  akaliea  do  not 
exert  any  aflion  on  the  relini"  1  cannot  eafily  difccrn, 
left  indeed  we  impute  to  them  ihe  mod  palpable  contradic-i 
tions,  an  error  which  I  believe  U  itol  often  lound  tn  lltcif 
writing.. 

Dr.Thonif™  Page  340  in  the  fame  volume,  Dr.Thomf.tn  aBertt.  that 

fifrh"f  i'''r  °"h  '^"•l^f^'^''  "  ""^  foloble  in  alcohol,  about  a  fifth  part  of  it  re? 

i>  infoluble  in      maining  undiirolveJ  ;   and  dclcribea  the  infoluble  part  ai  poTr 

alcohol.  fetCng  peculiar  properties,  dilTeriiig  from  fandarach,  and  calla 

it  Jhndnrachii.  It  ought  nul  lo  be  concluded,  iliai  Dr.  ThomfoB 

htmfelfcan  have  chomicallj  examined  every  rultftaiicc  IiemoQ 

have  occafion  lo  defcribc  in  a  work  which  embrace*  fo  gr< 

B  variety  ;  but  the  importance  of  Candarach  as  an  ingiedi 

in  varnifliei  being  neatly  e4|ual  to  that  of  any  other  tefin.  i 

fubfiance  certainly   dcfervca    more    allenlion    from    (^emifia 

than  has  hitherto  been  beflowed  on  it.     The  properliet  of  ihU 

lelin  u  mentioned  by  Dr.  Thomfon,  are  ftaied  lo  reft  foleljr 

on  Ihe  authority  of  Giefe,  no  other  cliemil)  having  examined 

il. 

Xiperinwnt.    It      Upon  trial  I  found  that  fandaiach  wat  fotuble  in  eight  tiroe* 

rfoted  rolDbk  in  jk  weight  ol  alcohol,  a  very  minute  proportion  only  being  h 

iteighiof  which  appeared  to  confill  aimiillentrrtly  of  extraneous  mail 

■leoW.  Confetjuently  the  fubflancc  Dr.  Thomfon   h»  denominal 

Jindaraclia  can  have  no  exiHence  in  this  relin.  It  is  proper 
lo  obferve,  that  the  refin  I  made  ufe  of  was  reledi.-<i  hne,  and 
is  known  in  commerce  by  the  names  of  gum  juniper  and 
fandarach.  From  Ihe  obvious  difagreement  in  the  refuitt, 
perltaps  we  ought  la  conclude,  thai  the  fuhllance  employoA 
by  Giele  in  hi»  expcrimenCB  wa«  not  true  gum  landatach*. 

•  Looking  10  Tome  chemical  notn,  I  find  (hat  when  three  o 
tears  oC  Tand-irach  were  put  into  jmre  alcohol,  nnd  left  for  a 
a  fmall  qiiinlity  of  thick  fluid  remained  ai  the  bottom,  w 
^owcver,  wat  taken  up  by  3git»tion,  and  the  whole  became  fl 
opake  i->-li  is  lemlrkiHt,  riiDI  ihii  fubllancc  is  not  folnble  in 
«r  oil,  a>  commun  rciin  is.     N. 
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Speaking  of    maliich,    vol.   3.    p.  311.      Dr.  Tbomron  Dr.ThomCm'i 
"(ays,  il  ij  readily  foluble  in  alcoliol.     In  ihe  Tame  valuable  ^ 

volume,   page  332,  he  inrorms  us  that  "  ihal  pari  ol'  niailic 
which  is  infuluble  in  alcohol  is  faid  to  be  pure  caoulciuiuc." 
Ill  inv«nigaling  (his  apparent  contradifiion,  1  examined  the  The  Authot't 
aflioB  of  alcohol  upon  maflich,  and  fiiuiid  that  neatly  a  Mh  "P""™ 
part  of  it  remained  undilTolved.     This  reOduum,  after  re- Aicohal 
pealed  wadiings  in  alcohol,  wat  white,  tonfidcrably  olallic,  ""'?'"' " 
and  adhefive;  it  wai  inflammable;  and  when  heated  became  foiTcd, 
brown,  emitting  infiaroinablc  gas.     In  this  Itale  it  bad  much  rc(einbling 
llie  appearance  of  common  Indian  rubber,    but  fomewhat  "''" 
glutinous :    It  was  not  in  the  Icaft  afled  nn  by  water. 

I  was  induced  lo  try  the  elTefl.i  of  diirerent  menllnia  on  Compintiic 
this  refiduum,  and  on  the  elafllc  gum  caoutchouc,  wilb  ^^^T""^"' 
view  to  afcerlain  their  idenlily  or  olherwile.  The  following  ^ch,  mi  w 
are  the  refulls  I  obtained  ;  uoonhoBe, 

Sulphuric  ether,  previoufly  waflied  with  diftilled  water, 
dilTolved  ihis  refiduum  at  well  a«  caoutchouc. 

Alcohol  precipilaidd  both  ihefe  fubHanccs  from  their  foUent 
in  the  form  of  a  white  curd. 

Water  had  noaaion  on  the  folulions. 
By  the  nitric  acid  the  refiduum  was  converted  into  a  yellow 
brittle  porous  mafs,  nitrous  gas  being  difengaged  from  liia 
acid. 

Nitric  acid  did  not  afi  fo  eaGly  on  caoutchouc;  but  when 
raifed  lo  (he  boiling  point  it  changed  it  into  a  fimilar  futw 
ftance. 

With  (he  fulphuric  acid  a  fubflance  like  charcoal  was  form* 
ed,  (he  acid  aflTutning  a  dark  port  wine  colour,  part  of  it  being 
converted  into  fulphurtous  acid. 

The  fame  effefl  was  produced  by  (he  fulphuric  acid  OB 
C30u(cliouc,  (hough  not  without  the  aHHIarK-e  of  heat. 

Neither  (be  muriatic  or  oxymuriatic  acidi  appeared  (o  have 
any  aflion  on  either  oF  (here  fubflances. 

Ace(ic  acid  dilfolved  a  fmall  portion  of  the  refiduum,  but 
had  no  adion  on  caoutchouc. 

Soluiiont  of  potarti  and  ammonia  produced  no  effefl  OD 
either  the  refiduum  or  caoutchouc. 

From  the  above  eMperimeiKs  it  will  be  obferved,  that  the  Theft  ippa 
acids  ad  with  greater  ^ility  on  the  infolublo  part  of  tnajlich,  ^^  ^  ^"t 
than  on  caoutchouc     Notwiihflanding  this  difference  in  their 
s^ion. 
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sflion,  I  think  il  may  be  inferreil,  from  the  coincidence  in 
(heir  cITcfli,  thai  there  bodiei  are  (imilar  fubHances.     FroUfaly 
l!ie  aflion  of  the  atrids  on  ihe  refiduum  wai  adifled  by  a  fmaJf 
portion  of  refin  nliicli  It  was  combined  with,  snd  wbich 
defended  from  (he  aflion  of  the  alcohol  employed  to  diCTah 
the  taaflich. 

I  am,  )'DUi  obedient  Servanl. 

R.  MATTHEWS. 
March  IS,  1605. 


VI. 

Tkf  Dutch  Method  t^  curing  Iltrringi,  eitraSed  and  iraifflaU^ 
'  from    the    German    of  Kriiaitz'i   Economical  Encyciopadi^ 

P(Oeconoraifche     Encycloi^dieJ,    Article    lluring,     by    |J 
Hinckley,  EJq.  F.  S.  A.  1 

(Concluded  from  f.  it^.) 

DutsS  method  riEKRINGS,  however,  are  equally  good,  wberever  tfaejf 
*'""'k2II'"'^  arc  taken,  provided  they  be  but  caught  in  the  proper  feafen, 
^^  '«nd  ivtil  managed.    Ai  ihcy  die  inimedialely  on  qoittiog  Uteif 

element,  falling  and  packing  are  the  circum (fences  wbich 
principally  ulTeA  (heir  tjualiEy.  The  fupetior  excellence  aa^ 
flavpur  of  Dutch  herrings,  above  thofe  of  ^t  other  countries 
arifes  I'fom  Ihe  clofe  atlenlion  and  IndL-fatlgable  induflry  em- 
ploye^. Every  thing,  however  minute,  both  at  to  fcafon  aud 
management,  whicli  C4n  maintain  the  reputation  they  hav« 
enjoyed  fui  more  than  I  wo  hundred  year),  ii  mofl  pun3uaUj 
obfervi^d;  and  above  thirty  ordinancei  on  the  curing  and  ma- 
nagement of  herrings  are  recited  by  Sif  ^Villiafa  Teicpie*  in 
(he  nihcenlury. 

Herrings,  cured  with  Scotch  fall,  very  quicUj  decsj. 
Thofe  of  Norway  are  cured  in  the  fame  manner  as  the  Sralcha 
but  with  French  fall,  and  packed  in  fir  or  des);  io  ctvit^ 
(]uence  of  which  they  are  vrorfe,  and  lefs  palatable,  at  tfaej 
leare  a  four  taAe  in  the  mouth,  and  foon  fpoii.  In  Lke  man> 
Der,  other  naliont  are  equally  carelefs  in  aSarting  tbe  I 
and  to  this  may  be  atuibaled  the  precedency  which  lie  [ 
liernngt  have  (b  long  asaintained.  "The  Dutch  catch  i 
(d)  rejularlj  ud  car'/  ofi*  Hittiand,  from  the  2f  th  of  Joi 
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becauTe  Ihey  are  then,  and  lo  llie  beginning  of  July,  fallell ;  DukIi  method  * 
after  which  lime,    (he  nearer  ihcj  ajiproach  (he  coafl,  lfie„     ' 
leaner  and  worfe  ihey  are. 

It  redounils  no  lefj  to  the  honour  of  the  Dutch,  than  lo 
their  advantage,  ibat  they  pay  llie  ulmoft  pollible  allenlion 
to  ihefe  rules :  according  lo  which,  the  hlli  mufl  be  taken  at 
the  proper  Teafon,  properly  Talieil,  well  alTorled,  and  righlljr 
packed ;  lo  do  all  which,  Ihe  captain  and  lailon  are  by  fevcral 
Jawc  obliged  lo  bind  themfelvei  by  oalli,  before  ihey  fail. 
There  are  alfo  overfeeri  well  paid,  that  they  may  not  betray 
their  trull,  but  walch  and  enforce  every  the  minulefl  regula- 
tion; lo  which  uircumdance  alfo,  the  pre-eminence  of  DuLch 
herrings  throughout  llie  world  may  parllj  beafcribeJ, 

A;  Toon  a^  the  herrings  arc  laki-n  out  of  llie  water,  ihejr 
are  thrown  eillier  upon  iLe  end  of  the  dfck,  which  has  been 
cleared,  and  made  perfi-flly  clean  (oi  the  purpnfe,  or  into 
bafkets ;  and  then  gipped  (the  gilU  and  guls  taken  oiil]  with 
a  knife,  by  fome  of  ihe  crew,  who  are  I'oldy  employed  (hero* 
in,  having  been  brought  up  to  that  praflice.  The  mill,  or 
roe,  iiowever,  is  always  left  in  the  lilli.*  What  are  taken 
during  one  night,  are,  before  the  fullowing  fun.lcl,  neatlj 
and  flcilfully  laid  in  oaken  barrels,  coarfc  Spanith  or  Portu- 
guefe  bay  fall  being  (Irewed  between.  This  the  fifhcrmen  of 
other  countriei  eiiher  entirely  neglefl,  or  lefs  carefully  per- 
form, being  lefs  fcrupuloufly  nice ;  becaufe  they  either  go  out 
lo  fea  later,  or,  like  Ihe  Scotch,  commence  Itfhing  too  loon; 
or  only  navigate  fmall  boats  near  the  coal) ;  do  not  kill  the  fifh 
wilh  a  knife,  or  gui,  full,  or  pack  ihem,  while  on  board, 
but  throw  them  down  in  a  boat,  and  when  lutly  laden,  go  on 
(hore,  proceed  at  Iheir  leifure,  call  the  fiili  on  the  lea-coafl 
in  confiderable  heaps,  where  they  are  even  fulfered  lo  lie 
fomelimes  fevera]  day*,  before  Ihey  are  gulled,  (alicd,  and 
packed,  in  confequence  of  which  ihey  grow  Ilale  and  ferment. 
The  Dulth,  on  Ihe  contrary,  indd'aligably  purfue  their  me- 
thod day  and  night,  during  Iwenly,  twenty-four,  or  twenty, 
(ix  week',  be  the  weather  what  il  may.  Hence,  their  fifli 
are  ufually  more  lender,  better  flavourcdj  and  nol  fo  very 
fall  15  Ihe  Englifh  and  the  Scotch, 

•  Mr.  M'Culloch'i  Treatif*  (fee  note,  page  4 13)  fayi,  they 
(hou1()  »{fo  bf  k«Pt  dtanljr,  and  out  of  the  fun,  m  well  at  froS  or 


Duich  method 
ef  titchiog  and 

curuig  tnuiDE). 
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There  are  Iwo  melhods  of  falling  aitd  prefetviiYK  herring 
for  a  confid^rLiblc  lenglh  of  time.  The  one  is  called  ntuto 
falling,  liio  oilict  led.  The  former  w  thus  performed,  fos 
mediatuli  on  beinj;  taken,  llie  filh  are  gulled,  a;  above  i 
fciibed,  and  waflied  in  clean  waier.  'Then  fait  is  fprinkla 
on  them,  either  iniernoll^,  or  both  within  and  wilhuol, 
the  lilli,  being  thrown  inlo  large  balkels  with  handler,  I 
well  ruufed,  (or  (liaken  about  a  few  lime!)  that  the  fah  n 
(he  belter  dilTufe  ilfdl,  and  penetrate:  or,  !aftl^,  which  f 
the  beft  meihod,  Ihev  are  thrown  into  a  tub  filled  wilii^ 
flrong  biine  made  with  bay  fait  and  frelli  water,  i 
an  egg  will  fwim.  In  this  pickle  they  are  left  upon  deck 
in  ihe  open  air,  provided  the  weather  be  good,  during  twelve 
or  filieen  hours;  but,  if  circunillances  require,  a  good  deal 
longer,  ond  arc  well  flirred  (efpecially  if  pickled  on  Ihorc} 
will)  Iliovels  fcveral  limes  that  ihe  fait  may  the  better  and 
more  generally  penetrate  every  where.  Ladly,  to  pack  tliera 
properly,  they  are  taken  out  of  the  pickle,  futfered  to  drain 
lutficienlly,  and  ihen  packed  in  barrels,  which  arc  flrewed  al 
bollora  pretty  Ihickly  with  fall,  and,  if  there  i*  time  enough, 
Ihey  are  neaily  laid  in  flrala  or  layers,  always  flrewing  fufii. 
cient  fall  upon  each  layer.  Bui,  if  the  abundance  of  filli  be 
loo  great,  they  are  thrown  in  promifruoufly,  wilh  at  much 
fall  ai  19  tequifiie  lo  prefcrve  ihem  from  fpoiling.  When  ibia 
ii  done  in  flrala,  eadi  new  layer  is  preflSd  down  hard  tipou  [he 
preceding.  This  la 0- mentioned  procefs,  however,  cannot 
eafily  be  allended  lo  al  fea,  cfpecially  when  the  fiOiery  ii 
very  abundanl.  Heuce,  if  ilie  fi(h  are  lo  be  esporled,  or 
remain  lung  unufed,  they  are  re-packed  on  (Iiore,  laid  in  freb 
faUi  and  prelTed  down  hard;  wiihout  which  precaution  her- 
rings exported  by  ffa  would  fpoil.  The  fame  praflice  is  pur- 
foed  in  France,  Hamburgh,  and  doubllefs  elfewhere.  At 
Hamburgh,  as  in  Holland,  they  are  packed  in  Ihe  open  air, 
ten  packers  and  ihree  overfeers  being  appoinled  for  tlie  pur- 
pofr,  and  all  fworn,  Befides  re-packing,  the  packers  in  the 
mafilime  towns  have  alfo  lo  pick  and  alTori  the  fldi,  according 
to  their  goodnef'i,  f;ili  them  anew,  and  put  ihem  in  frefU 
pickle.  It  U  alfo  generally  a  part  of  Ihe  magiiirates  and 
trading  companies  o^ih»,  not  lo  fuffer  any  bad  fifh  to  bfl  de- 
livered from  the  quay  or  cuflom-houle. 
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After  packing,  whether  the  goods  are  intended  for  expor«  Dotcb  metiiod'' 
Ution  or  homerconfuhiptiooy  whether  preiTed  down  hard  or  ^  ?**i2riSL 
not,  they  are  regularly  coopered,  that  (he  pickle  may  not  leak  ^ 

out,  and  the  filh  turn  yellow  or  fpoil,  which  takes  place  the 
moment  they  are  deficient  in  pickle.  Properly,  the  herrings 
Ihouldf  on  the  very  day  on  which  they  are  taken,  not  only  be 
gutted,  but  falted  and  pot  in  calks,  or  at  lead  (hould  not  lie 
more  than  one  night  in  the  fird  pickle.  And  accordingly  fuch 
herrings  are  diilinguiihed  in  France  by  the  name  of  Harengi 
d'une  nuU,  But,  when  the  fi(hery  is  abundant,  this  is  not 
always  poffible ;  fo  that  only  a  part  can  be  properly  attended 
to ;  and  the  reft,  after  being  gutted,  mufl  unavoidably  remain^ 
at  lead  the  whole  following  day,  if  not  longer,  in  the  firft 
pickle,  the  regular  packing  of  them  being  poftponed  till  the 
third  day.  Thefe  fifh,  having  flood  two  nights  on  deck  iit 
the  open  air,  are  called  Harengs  de  deux  nuits.  But  fuch 
goods  not  only  are  inferior,  but  do  not  keep  fo  well  as  the 
former. 

If  the  fifhermen  mean  again  to  caft  their  nets  on  the  follow- 
ing night,  or  if,  on  account  of  the  great  abundance  of  the 
fhoals,  they  do  not  expert  to  complete  the  falting  and  regular 
packing  in  two  days,  the  fifli,  which  they  cannot  fo  complete, 
are  falted  in  large  heap*;,  and  are  then  called  Slabbers,  or 
Slabbegut,  coarfe  goods.  Thefe  are  frequently  too  fait,  be^ 
caufe  want  of  time  prevents  their  being  properly  ifianaged* 
They  are  put  into  the  fchuyts,  which  always  accompany  the 
herring-buHes,  and  walhed ;  alter  which  they  are  fmoked ; 
tliough  not  fo  much  as  the  Bicklings  (BUcklinge)  or  red-her« 
rings.  The  faked  herrings,  hitherto  fpoken  of,  are  called 
Bockel  her  tinge,  or  pickled  herrings,  or,  in  general,  plainly 
Herrings ;  thofe  properly  falted  and  packed  in  layers.  Packed, 
or  Barrel  herrings;  and  thofe  half  falted,  and  promifcuoufly 
packed  in  barreN,  IF  rack  herrings. 

The  other  mode  of  curing,  called  Red  falling,  is  thus  per- 
formed. When  the  hlh  are  taken  out  of  the  above-defcribe4 
pickle,  in  which,  however,  they  muft  remain  longer  than 
thofe  intended  for  the  common,  or  white-falting,  and  at  lead 
four-and-twenty  hours ;  they  are  hung  by  the  head  in  rows 
on  wooden  poles,  in  ftoves  con(iru6led  for  the  purpofe,  each 
of  which  generally  contains  12,000  herrings.  Being  thus 
placed,  a  fire  is  made  under  Ihcm  with  vine-ftalks,  or  any 

green 
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Duicb  Ttiuhod    green  'aggut-wood,  Ihat  aflbrdt  much  fmoke  and  Itllle  flame.* 

MiiThmi*^  ^"^  ^^^y  '^'"^'"  ''"  '^"'^^'  ""''  Pf^P^f'y  fmiiked,  which  ge- 
nerally requires  Iwcnij-four  houri,  Thui  Ihej  becuoie  Bick- 
Ijngs,  or  Rcd-herting*;  when  thefe  are  paiked  in  barrels, 
they  are  called  Barrelled  Ukklmgs,  and  arc  much  la  I  led  ; 
but,  ii  laid  ill  flraw,  ihey  are  called  Straw  Bicklingt,  and  ate 
romewhat  left  Tailed.  The  excellence  o!  llie  Bicklings  prin. 
cipally  conlifis  in  their  being  large,  fat,  lender,  frefb,  pri>- 
perly  failed,  pliable,  fufi,  of  [he  colour  of  gold,  and  not 
lorn  or  mangled.  In  Holland,  the  bell  lith  are  chofen  for  thti 
purpofe  i  but  in  other  places,  Ihc  abovc-dcfcribed  Slabbers 
only  ate  ufed,  or  other  inferior  hciiing=,  deemed  unfii  for  ibe 
ufual  mode  of  falling.  The  bt^ll  and  failed  fmoked  Dutch 
herring)  are  caDedi  in  German,  Spcckliui-klingi:,  or  fat  red- 
hFrrings;  in  low  Saxon,  Ftickhaiiiige;  and  in  Hamburg^* 
fliMiccriiige,     They  are  cul  open  along  Ihe  back.f 


N 


*  At  Bremen,  the  plac 
lumg  in  ovens  '.!  the  fi; 
line  or  relinoui  mattei 


irpea- 

to  t|^H 

brerJH 


loft  celebrated  for  fmoking  Ml,  ■ 
in  Holland,  of  the  proeefs,  ihey  aie 
of  a  fmilt  parlaur,  and  Arifi  aiicntian  it 
lod,  in  which  is  any  ihe  Icaft  lurpea* 
:h  invariably  gives  a  bad  uAe  to  tl 
filh. 

+  The  afl  of  pirliament  rfgulaiions,  ind  many  ufeful  obfen 
tioni,  may  bt  fecn  in  two  finall  tiaft*,  H»o,  in  polTellion  of  iW?* 
Eociciy  fr>r  the  Encouripcment  of  ArW,  Manufafiurei,  and  Com- 
merce, the  one  entitled,  "  Obfervationi  on  ihe  Herring-Filhery 
vponihe  Noitliaad  Eat)  Coalh  of  Scotland,  &c.;  wiib  plain  Rolrt, 
|irn|iol~cd  for  curing,  and  for  Iiipplyiiig  ihe  Lordun  Market  with 
White  HeLiingi :  By  Lewis  M'Culluch,  many  Years  employed  in 
fumilhing  the  Merchants  of  London  with  Herringi  for  Exportiition. 
London.  Richardfon,  I7SS."  The  other  entitled,  "  The  bcA 
and  moll  approved  Method  of  curing  While  Herrings,  and  all 
Kinds  of  White  Fifli ;  conliiniog  particular  Direflioni  how  to  flit, 
pit,  fill',  dry,  and  barrel  them,  fit  for  Sale  at  home  cr  foreign 
Markets!  wiih  Direflions  f'-r  boiling  of  Od  :  ByaTraderiu  ~ 

{.ondon.    J.  Davidfon,  ITjQ," 


L 
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ill  fdid  Stale  ajtertained.     By  Mr. 


To  Mr.  NICHOLSOX. 

SIR,  Birmiiigimm,  March  i,  J805. 

£\T  the  Ptiilofopliical  Society  !n  Birniinghara,  of  which  I  Ei^eri 
am  a  member,  1  read  a  few  weeks  ago  a  lecture  on  mercury.  ^™^ 
Jn  the  courfe  of  [n>  experimetila  on  ihis  fubjeft,  conducted  Bumin 
wilh  a  view  of  exhibiting  ihiii  meUl  in  a  foltd  ftatc,  by  ex* 
pofure  to  the  frrgotilic  mixture  of  muriale  of  lime  and  fnow, 
it  appeared  to  mc  the  fpecific  gravity  of  this  metal  would  be 
muA  accurately  obtained    in  comparifon  with   other  mclali 
under  Hmilar  circum (lances  of  folidily  and  lenipcralurc.     I 
tlieiefore  undertook,  amongft  a  variety  of  others,  the  follow- 
ing experiments,  lo  afterlain  its  fpecific  gravity  in  a  folid 
flale,  which  I  believe  had  never  before  been  accompliflicd : 
They  fuccecded  to  my  falisfaflion,  and  lo  the  gratification  of 
fome  who  were  preleiil :    I  am,  therefore,    inclined  lo  be- 
lieve, you  will  think  theoi  worth  inferting  in  your  PhiloflH 
phtcal  Journal, 

I  am  very  refpeflfully  yours, 

JOHN  BIDDLE. 


HAVIXG  purified  mercury,  by  dlililling  from  an  earthen  Merenryw 
retort  into  a  glals  receiver  50  per  cent,  of  the  (juantily  put  in,  '^^,  "l  ^' 
to  avoid  the  alloy  of  any  othur  metal,  and  afiecwarda  having 
healed  it  to  300°  of  Faiitenheit,  lo  drive  off  any  water  that 
might  adhere,  fuch  as  was  ufed  in  other  experiments,  and 
expofed  to  the  aftiun  of  muriate  of  lime  and  fiiow,— I  pro- 
ceeded as  follows : 

One  ihoufand  grains  of  this  mercury  were  introduced  lo  Ihe  »iiii  "pofed 
ffcezing-niixUire,  loReiher  wilh  three  ounces  of  alcohol,  in  ^",."^1  ""^ 
a  round-bottomed  glafs ;  and  having  placed  in  (he  mercury 
a  fine  bent  wire,  the  weight  of  which  was  previoufly  known 
when  immerfed  in  the  fame  alcohol,  lo  a  certain  point,  in  the 
lenipcralurc  of  47  degrees  above  zero  of  Fahrenheit :  Ihis  wire, 
during  (he  congelation  of  the  mercurv,  wag  Hxed  in  it,  (o 

tliat 
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lliat  liie  tvliole  bec&m<^  allached  to  the  timer  furiac«  of  tf 


IF 

^^K  ll>ai 

^^^B  g'al's  and  could  ml  he  Tcparated  uniil  ^e  glafs  with  its  c 

^^^H  lenl;  was  laken  out  nf  the  freezing -mix  lure,  and  wanned,  by 

^^^1  dipping  it  in  water,  f«  u  lu  Ibtien  (bt  mercur)  at  the  fuiface 

^^^H  allached  (o  the  gUrs;  one  iisnd  being  applied  to  ihe  wire  at 

^^^H  \he  fame  lime,  lo  Hraw  ihe  mercury  Irom  ihe  g,\it(i  at  the 

^^^1  monx^nt  of  iis  being  lunfened  :  il  was  ihcn  leplaced,  as  be- 

^ft    '  fore,  in  (he  freezing-mixtuie. 

TiGblF  lifni  of       Duiing  the  congtilaiion  of  the  mercury  it  was  obferved, 
^"'"''"^""'  the  furlace  of  die  metal  lowaids  ihc  centre  was  very  confi- 
hj  frteiinj.        (ierably  deprelFed  by  Ihe  citnlraflion  of  il»  particles,  and  the 
velfel  having  been  moved  during  its  congelation,  a  fmall  hole 
nearly  reaching  the   botlom   of  Ihe  glafs,   was  obferved  gra- 
dually ielTening  in   il<  dimeiifiima,   prefenting  a  conical  cavity 
I  wiih  the  apex  downwards.    The  wire  which  held  the  mercuiy 

I  ■Hat'hed  lo  it  wa'  now  fixed  by  the  other  bent  end  to  the 

W  llydrollaric    balance,    which   held    in   the   oppotile   fcale   the 

r  weight*  by  which  ihe  meiciiry  had  been  weighed  in  the  air, 

logpdicf  with  the  balance  of  the  wire  immcffed  in  the  fame 
alciihul  to  a  point  marked  on  the  wire. 
Labettitight         Iiap|>eared  by  weighing  the  1000  grains  of  mercury  lliui 
^^'  ''"""■    immerfed  in  alcohol,  the  lofs  of  weight  was  59,8  grains :  tliij 
wa»  weighed  five  or  fix  limes,  with  ihe  glafi  flill  in  the  freez- 
ing mixlure,  wiih  the  fame  tefuK;  but  when  it  was  wiih- 
\  drawn  only  a  liule  way  from  Ihe  muriate  of  lime  and  fiiow, 

'.  the  difference  of  weight  was  perceptible,  in  confequcnce  of 

^  ihc  temperature  of  the  mercury  aird  alcohol  iocreaGng. 

Campmtivc u-      One  thouland  grains  of  pure,  lilver,  weighed  by  the  fame 

perimtnt wpih  ui  f^.^\^  imroi-rfed  in   the   fame  alcohol  at  the  fame  temperature, 

filiw.  "*  l<jfl  in  weiglil  88,105  giains :  therefore,  as  the  lofs  of  Ihe 

I  weight  of  Ihe  mercury  is  to  the  lofs  of  weight  in  the  filver,  fo 

I      "  ii  the  fpecific  gravity  of  the  filver  [o  the  fpecific  gravity  of  the 

P  mercury. 

"         Whence ttiefpe-      The  fpecific  Riavity  of  the  filver  in  the  fame  balance  having 
a(iir»»i>y<'f.   been  afcerlained,  by  diflilled  water,  to  be  10,436,   it  follows, 
dVduc™'""''"  'f  'hi*  fum  be  multiplied  into  the  t.,m  of  its  lofs  fufpended  and 
^  =:  15.611.         neighed  in  a(<tih'ii,  and  divided  by  the  fum  of  lofi  of  mer- 

cury wciglieii  in  the  feme  way,  that  the  fpecific  gravity  of 
the  mercury  In  itie  folid  flale,  at  about  40  degrees  below  Eero 
on  faiireohciL'a  fcale,  etjiials  15,612. 
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By  the  fame  hydroflatic  balance  it  appears,  the  fame  mer-  Sp.  Gr.  wheik 
cury  in  a  fluid  ftate,  tiie  thermometer  Handing  at  47  degrees  j^'l^Jp* 
above  zero,  is  13,545, 

By  thefe  experiments  it  appear^i  the  difference  of  denfity 
between  its  fluid  (late,  at  the  temperature  of  47^  above  zero» 
and  its  folid  flate,  at  40^  below  zero,  is  2,0673  in  13545,  or 
1,5265  in  10,  which  is  15,265  per  cent,  that  is,  nearly  ^h 
of  its  greateft  volume,  or  nearly  -^th  of  its  leafl  volume. 


vin. 

Objervations  on  Mr.  Boswell's  Geometrical  Propofitiont,   By 

An  Old  Correspondent. 

To  Mr.  NICHOLSON. 
SIR,  March  6,  1805. 

W  HEN  your  ingenious  correfpondent  Mr.  Bofwell  fent  On  Mr.  Bof* 

to  you  his  difcovery  of  a  ready  method  of  determining  a  ^^'*  ?"*•_.  , 
.  ^  dnwnuiaciidtc 

chord- line  equal  to  the  fjde  of  a  fquare  of  the  fame  area  as  the 
circle  in  which  it  is  drawn,  it  (hould  feem  that  he  was  not  ^ 

aware  that  the  quantum  of  error  might  be  afcertained  by  cal- 
culation, as  you  have  done  in  the  fubjoined  note,  otherwife 
he  would  not  have  fatisfied  himfelf  with  the  mechanical  proof 
which  he  has  adduced  as  a  ted  of  its  accuracy.  Had  it  oc- 
curred to  you,  I  am  persuaded  you  would  with  equal  facility^ 
have  fliewn,  that  this  gentleman's  other  '<  fad  in  geometry'* 
is  dill  more  erroneous,  though  announced  with  a  degree  of 
confidence  which  appears  to  have  arifen  from  a  roiflaken 
convidion  of  fuch  obvious  accuracy  as  flood  not  in  need  of 
proof. 

**  A  right  line  (B  E),  fays  he,  drawn  from  the  extrentity  B 
qf  the  line  I  B,  at  right  angles  through  the  oppofite  diameter 
(IF)  to  the  circwtiference,  will  be  equal  to  a  fourth  of  tlte  cir^ 
cun^ference." 

Let  us  try  how  far  this  afTertion  is  founded  in  truth.     But  OTerfightbyiii- 
before  we  enter  upon  the  o^amination,  I  will  be^  leave  to  ^"^on  of  teruM 
point  out  a  circumflance  in  your  note,  page  152  io  your  lafl 
numberi   which,  having  arifen  out  of  inadvertence  in  your 

tranfcribiog 


>iizzle  yoar  t^^^^ 
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[ratifcribing  it  mod  probably,  may  lend  to  puzzle  } 

CM,  anil  among  llie  red  perhaps  Mr.  Bofwell  l)iinfl;ir,  vrhd 

mull  be  ihe  niofi  iiilereded  ;  You  have  TaicJ,  "  aj  the  radius  il 

to  IW,  fo  is  the  diameter  lo  IB,"  (Plaie  VIII.  Fig.  10); 

bu(  1  lake  it  for  granted  you  meant,  "  ai  I  W  u  Co  rodita, 

J'>  il  the  tSmmcter  lo  I  B,"  bL-caufe  this  analogy  if  agreeable  19 

Firtlier  Hucidi' the  refult  of  your  calcLliiiion,     And  as  you  have  not  men- 

oiihe  aoir.  ,JQn«i  jjow  the  doflrine  of  fimilar  triangles  applies  in  Ibc  cxm- 

ilruflion  of  the  figure,  1  hope  you  and  your  numerous  readers 

'  will  not  deem  me  prerumplubiis  if  I  introduce  the  diagram 

^^^  again  with  fome  addition),  particularly  as  it  will  give  me  an 

^^^L  opportunity  of  proving  more  intelligibly  the  error  of  the  fecond 

^^^H  propofition  already  quoted.     Anytrlargle  fonncd  in  a  ferai* 

^^^H  circle,  of  which  the  diameter  is  one  lide,  with  its  oppofiie 

^^^H  angle  at  the  circumference,  isa  right  angled  triangle  (EucI,  III. 

^^B  Prop,  xxxi.]:  'Ihowiil  be  the  cafe  in   Mr.  BofwdlU  figure 

^^^P  if  a  right  line  be  drawn  fmni  B  In  K,  the  right  angle  being  al 

B;  and  as  the  angle  at  I  is  common  lo  the  fmall  right  angled 

triangle  I O  W,  and  to  the  large  one  1  B  V,  the  two  I  riargles 

are  fimilar,  and  therefore  the  hypothenufe  IWof  the  fmall 

one  is  to  its  bafe  I  O,  as  the  hypothenufe  I  F  (or  diameter)  | 

lo  Ihe  bafe  I  B  of  the  large  one.     Q.  E.  D. 

How  be  Mr.  With  refpefl  lo  the  fecond  propofition,   it  is  very 

B.'ift"ni(  ^knowu  (End.  III.  Prop,  w.)  that  the  angle  formed  s 

lite.  centre  ot'  a  circle  is  double  of  the  angle  at  the  circuniferenci 

if  they  have  the  fame  common  chord  t 

triangle   I  O  W   (Plate  XI.    Fig.   I),    the  fides  I  O    bei^j 

given  =  .5.  O  W  =  .25,  and  therefore  I  W  =  .53901, 

liavs,  by  a  fimple  cafe  in  plane  trigonometry,  the  angle 

I  ^  'iS"  33'  5".+,  the  double  of  which  is  33°  6'  I0".8( 

Ihe  angle  B  O  F  at  the  centre  ;  but  B  G,  one  half  of  the  lij 

B  1:^  in  <iuel»on,  is  (he  tine  of  thi.i  angle,  end  in  natural  nuia 

bers  is,   by  the   tables,  ctjual  to  .7S^971G3,  when   unity  v. 

dius;  but,  in  our  figure,  the  diameler  reprefenls  uniiy.  iheP 

fiire  the  double  fine,  or  chord  line,  B  E  is  =  .79D7I(;3,  v 

according  lo  Mr.  BoiWell's  aflerlion,  ought  lo  be  =  .'»3+,  "i 

one-fourth  of  the  circumference  S.l+IG;  hence  the  err  or  fl 

.OU3lfi3,  or  very  nearly  ^Ih  of  the  whole. 

Apahjy  (0  lUft      As  1  haie  not  tht- plea  Cure  of  knowing  Mr.  Bofwell, 

iMMiki.  withfianding  I  have  admired  fcveral  rpecimens  of  his  ingenti* 

ilv,  and  as  I  prulcis  to  be  a  promoter  of  all  irilhmeiical  ap« 

pruitiiDalittni 
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proxiniBtions  and  rdentific  proje^i,  thai  have  for  their  meana 
facility  of  spplkalion,  and  utilil)'  for  Iheir  objc3,  1  mean  To 
far  u  they  have  accuracy  lo  recommend  them,  I  trufl  he  wilt 
not  impute  any  motive  of  a  perfonal  nature  lo  me,  but  give 
ine  credit  Tor  the  declaration,  when  I  alTerl,  that  the  implied 
invilllion  collefled  from  hii  memoir,  lo  afceriain  the  accoiacy 
of  any  of  his  projects  his  been  my  only  inducement  foe  laying 
before  die  public  the  prcfent  paper. 


lai 


With  due  lefpea. 

Ah  Old  CoRBESPociDEHT, 


J  Meoioir  on  Milk  md  iht  LaHic  Acid.     By  Cit.  BouilloH 

(Condudcil  frsm  pigc  144.)  ■. 

A  HE  muriate  of  foda,  and  more  efpecially  the  muriate  of  Curd  \i  notfe* 
lime,  affords  a  proof  of  this.     Thefe  falts  elfefl  a  reparation  of  ^J|'^(,^=',  '^ 
the  curd  only  in  pari ;  and,  nevertbclefs,   the  muriate  of  lime  of  witn. 
has  a  very  great  aflinity  for  water :  the  decompofilion  ought 
therefore,  in  this  Cafe,  lo  be  made  in  a  more  Atiking  manner 
than  with  (he  acid;.  I 

Whey  is  not  therefore  ihe  produCl  of  fermentation.-  The  Wbcrnoii  ] 
alcohol  obtained  from  milk  does  not  prove  that  this  formation  V^^"^  of  f«-  j 
ii  aecelTary  in  order  lo  obtain  ihe  laAic  acid  j  for  this  lafl  may  '        I 

be  obtained  from  a  fetum  recently  prepared.  J 

With  regard  to  the  formation  of  the  carbonic  acid  indicated  Ciiboale  acilH 
in  the  iixth  experiment,  it  is  owing  lo  Ihe  decompolilion  of  *'"'''  | 

a  fmall  portion  of  animal  matter,  and  part  of  Ihe  fugar  of  milk  I 

dilTolved  in  the  ferum.     The  more  of  Ihefe  fubHances  it  de-  J 

compofed  ihe  greater  will   be   the   quantity  of  carbrinic  acid  J 

formed,  and  accordingly  the  degree. of  acidity  is  more  marked  I 

on«ccounl  of  ihe  prefence  of  the  carbonic  acid;  but  if  the  3 

scid  be  expelled,   the  ferum  ii  milder,   and  nut  fo  four  as  that  3 

which  has  been  tor  feme  lime  cxpofed  to  the  air.  Q 

If  ihe  ferum  be  expoled  lo  the  air  for  ten  or  twelve  days,  Aeciic  icid,  I 
in  proportion  as  the  faccharine  matter  is  decompofed  the  whey  I 

Voi.X,— Apbil,   1305.  S  become*  .1 
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becoBiPi  more  acid.  Thefe  degrees  of  acidity  ire  owing  to  a 
iiasll  quanliiy  of  acetic  aciJ,  focmed  by  the  aid  of  carbonic 
acid  andsloiliiil  runaintng  in  the  liquor,  which  mefl  naluralljr 
sagmenl  the  acidti;  of  ihe  acid  ftlready  formed  in  Uw  milk. 

WHeiher  the  With  regard  I.,  the   fecond   queflii.n,  Whelhec  whey  »hi. 

nndci  ii  lour.     I><t^  ■"-'■'^  properiict  only  OD  account  of  the  falti  it  hol' 
loluiion  ? 

1  have  proved  lliat  the  add  may  be  feparaled.irom  the  fi 
mailers  wiihoul  expnl'iiig  the  milk  |o  the  air  for  a  certain  time, 
■s  Scheele  has  directed  ;  and  the  expcnf^nls  I  fl>all  relate  in 
this  (Demoir  will  afTurd  additional  pinofs.  So  that  ilt  acid 
properties  do  not  dc^pcnd  merely  upon  llie  falls  it  holds  iti 
biluiion,  and  the  la^c  acid  is  not  produced  by  a  rerroentolion 
liniilar  to  the  acetous. 

Zoooic  Kid  b)-        Though  the  aftion  of  caloric  upon  milk  is  generally  kriown, 

diffiUiamulkj  J  ^g,|  neverlhekfs  make  an  obfe.valion  upon  the  acid  ob- 
tained by  diAiilalion  with  a  naked  lire,  which  has  for  feveral 
years  been  known  by  the  name  of  the  Zoonic  Acid. 

ii  iMEoui  acM.  If  this  acid  be  puriAed  and  combined  with  poladi,  a  fall 
is  obtained,  which  prelcnts  all  the  characters  of  the  acetale  of 
putadi. 

Curd<antuDi         I  mufl  alfo  obferve  the  cheefy  mailer  in  which  fomc  che- 

rMjiluM  of  n,ifl5  |,„e  been  ^^^^i^  ^^  find  phofphate  of  lime,  as  announced 
by  Scheele.  To  obtain  this,  nothing  more  is  neccfPary  than 
flrongly  to  heat  this  fubdance  in  a  crucible  ailcr  having  well 
walhed  il,  and  to  calcine  it  to  whilenefs. 

Tiie  refidue  ii  a  hard  white  matter,  of  which  fome  fmalt 
pieces,  veined  with  blue,  may  be  compared  to  Ihe  turquois. 

The  nilric  acid  dilTolvcs  it  without  effervefcence ;  lime- 
water  and  ammonia  occafion  a  Hocculent  precipitate  of  phof- 
phale  of  lime. 

The  oxalate  of  amrhonia  alfo  demonfttates  the  prefence  of 
lime. 

SECTION  in. 

CwKcnuiig  tkc  Scrum  qf  Milt. 

Eiamlnitlon  of      Bt'ing  ilcljroos  of  knowing  whether  there  is  any  difference 

*liey  ftpujied  tgi^veen  the  wheys  obtained  from  milk  by  diirerctit  fubflance*. 

titaa,  1  made  ufe  of  the  mineral  acids,  fome  vegetable  acids,  fslf, 

fuch  as  alum,  the  acidulous  tartrile  of  potalh,  &c.     The  coa- 

guUlliig  fabHancc  was  employed  in  due  quanlily ;  «  I  had 

3  r«mjirkedi 


remarked,  (hat  when  an  excef-i  of  acid  h  \ikd..h  h  found  (o 
extfl  in  (he  feruni ;  whereas,  when  (he  neceffary  quantity  is 
ufed,  it  is  found  in  (he  cheefe  only. 

After  having  feparated  (he  cheefy  matter  the  ferum  was  [t  ii  ibe  ttmt 
clarified  ;  the  wheys  were  founJ  I'J  have  all  the  fame  lafte  and  ^''^''"  '^*  ^ 
colour,  and  poiTclTed  the  fame  degree  of  acidiiy. 

This  frefli  whey  lurns  fyrup  of  violels  green  :  This  property  IniTcftirynip 
muft  be  altribuled  only  to  the  union  of  (he  yellow  and  blue,'''''"''''' 
and  not  to  faline  nialters,  as  cheraiAa  have  alTerted.     Whey, 
which  has  loll  its  colour  by  expofure  to  (he  air,  reddens  the 
fyrup  of  violets. 

The  means  employed  to  afcertain  the  acids  which  had  been 
ufed  to  coagulate  (he  milk,  did  not  exhibit  even  the  fmalleft 
quantity  when  thu  operation  was  peifuimed  with  exaflneft, 

I  made  3  comparative  examination  of  (he  ferum  which  had  Sour  ferum  by 
become  fiiur  in  the  open  air ;  and  I  obtained,  by  expofmg  the  ^n^"" 
milk,  the  fame  phenomena  as  were  pointed  out  in  the  fecond 
feflioii  and  third  experiment. 

The  fpontaneous  ferum  dilTered,  I .  In  its  talle,  which  was  iliHvrcd  fn» 
more  acid;  and,  2.  Its  colour,  which  is  dull  and  whililh,"''"''^"''"' 
owing  to  white  liUments  which  are  feparated.     It  may  be 
had  clear  by  tiltralion,  without  acquiring  the  colour  of  lielh 
whey. 

The  cheefy  roaller  refulting  from  the  feveral  experiments  Chttfj  mnu 
before  related,  gave  the  fame  red  with  tincture  of  lurnfole. 
If  it  be  calcined  and  (rcated  with  (he  known  re-agents,  the 
prcfence  of  fulphuHc  acid  will  be  indicated  if  this  acid  liai 
been  employed  in  the  coagulation,  and  alumine  when  alum 
has  been  made  ufe  of. 

I  do  not  therelbre  fee  any  inconvenience,  in  preparing  whey  Alumorrutpl 
for  the  purpofes  of  pharmacy,  to  coagulate  the  milk  with  one  •"'*  "'^  ""^  ' 
or  the  other  of  ihcfe  fubflances,  more  efpecially  if  the  prccau-  coiguUt  milk* 
lions  I  have  mentioned  be  attended  to.  Thole  who  have 
thought  it  unwholefome  to  coagulate  milk  with  alum,  have 
doubllef)  made  no  experiment  on  the  fubjecl. 

Oxigen  gas  is  not  ab  for  bed  by  the  ferum;  even  agitation  Oiigeo  w4  1^ 
does  not  facilitate  its  union.  '""• 

The  afllon  of  lime-water,  the  folution  of  barytc^,  flronlian.  Other  tpalt, 
and  fome  metallic  falls,  though  already  known  by  chemiflc, 
require  to  be  again  examined,  and  will  enable  me  (o  explain 
(he  procelfes  for  obtaining  laftic  acid. 

i>  2  SECTION 
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SECTION   IV. 
Oh    ihc  Sugar  of  Milk. 
Whrther  icetis       The  formation  of  actlic  acid  does  not  arife  merely  from  (he 
Kid  in  milk       allcisliun  of  ibe  fujiar  of  milk  j  and  Ihoueh  llie  cxpetimenU 
mfc  from  ihe        ,        ,,,-,,,.       ,  .  .   ,  .  . 

aecompafitioo  of  alteadi  delcribed  admit  of  cerlarn  conjcciures.   I  bave  alcer- 
infugir.  lained  wlieilier  a  lite  quaiilily  of  fugar  of  milk  could  be  ob- 

laincd  fiom  frclb  ferum  and  a  fcrum  expofed  foi  Ivtelve  dajt 

at  a  lemperamrc  from  1 4  to  20  degrees. 
Alitilcfuiarii       I  have  found  that  lour  milk  atTords  a  foraewlial  lufs  (]uanl]ly 
•---^mfcfcdhj    oflugarofmilk,  which  proves,  ilial  a  porlion  of  ihe  faccliarine 

mailer  was  employed  in  forming  a  quantity  of  acelic  acid. 
We  may  iherel'orc  obtain  carbonic  at  id,  alcohol,  and  acelic 

acid,  either  by  cotifuiing  whey  in  clofc  velfcls,  or  by  leatinj 

it  expofed  to  the  air. 

Other  experiments  made  on  pare  fugar  of  milk  indicated 

nothing  remarkable, 
HiUtnileiar  It  does  not  redden  linflure  of  tornfole.     When  ditTotTed 

fujuof  milk.     ;„  vvalcr  and  expofed   for  a   long  time  lo  the  air,  it  doei  not 

become  acid.     By  diAillatiou  it  affords  acetic  acid  along  with 

the  known  produfls. 

It  is  fuluble  in  weak  acetic  acid.     If  a  fmall  quantity  of 

fredi  gafeoui  mailer  be  added,  it  is  Toon  found  that  the  liquor 

holds  it  in  fululion.     By  pouring  in  a  few  drops  of  alkali  lo 

faturate  iht,  cxcefs  of  acid,  it  lofes  It*  tranfpaieiicy,  becotnes 

lurbid  and  milky,  wilh  a  mild  tafle  rcfemfaling  lliat  or  milk, 

and  preferves  ils  opacity  for  a  confideraWe  length  of  lime, 
Cnenl  refultt    '   The  following  refults  arc  deducible  from  Uie.  preceding 
tefpeains  milk,  f^£^^  .„ 

1.  New  milk  reddens  Ihc  lm£ture  of  lutnfole. 

2.  Thffcheefy  matter  may  he  feparated  without  conlaft  of 
Ihc  air. 

3.  The  ferum  does  not  retain  the  acids  made  ufe  of  lo  cos* 
g«!alo  milk. 

■h  Didiilation  either  of  milk  or  of  fugar  of  milk  to  drytdH 
afibrd*  the  acelic  acid.  ^^H 

5.  The  formation  of  carbonic  acid  and  alcohol  ii  owing  ff* 
muco-facchai  ine  matter. 

n.  A  quantity  of  acetic  acJd  is  formed  b^  the  fermentation 
of  thd^L-  iiibflances. 

7.  The 
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7.  Tlie  chcefy  raalter,  when  Aiparaled,  always  manifed!  ' 

(^c  prefiince  of  an  acid,  and  diOers  in  lallc  and  conliflencc  ' 

according  lo  ibe  mailers  employed  in  iufeparalion. 

S.  When  wafhcd  and  alTDrdlng  no  Tign  of  acidity,  if  it  be 
aflerwards  ditfufod  In  diQilled  waler  for  feveral  days,  at  a 
lemperalure  between  IJ  and  22  degrees  {aboui  6i  and  80 
Fahrenheit],  it  acquires  a  llrong  difagreeable  odour ;  Ihe  fluid  I 

fltghtly  reddens  lurnlble,  and  lime  difciigages  Hminnnia,  ' 

9.  The  ferura  and  the  cheefy  mallet  coniain,  betides  the  . 

known  fubllances,    phofpliate  of  lime,    as  Schcele  had  an- 

lU.  The  diflerenre  which  exifts  belneen  ftdh  ferum  and  ' 

that  which  has  heen  expofed  lo  the  air,  confiRs  in  the  acetic  ,' 

acid,  which  is  prefent  along  with  the  free  acid  in  ihe  miik. 

II.  Lalliy,  there  exifli  in  mill(  and  the  ferum  a  free  or 
uncombined  acid,  which  feemed  to  me  to  be  the  acetic  acid, 

SECTIOiSI    V. 

Concerning  the  LaiUc  Acid. 

Scheele  having  afccrlained   that  it  is  not  pofllble  to  obtain  I-iA^c  acid,  oM 
the  acid  by  finjple  diltillation,  had  recourfe  to  peculiar  ""c- jimpl"  di«ill«- 
thods  to  effefl  this  reparation.  Hon. 

This  diemirt  firl^  reduced  the  whey  to  one-eighth  by  eva-  Sehtele'i  pto- 
poraiioii;  he  then  tillered  it,  and  there  remained,  'ccording  ^'J^'jj^  ^j^^ 
to  liim,  no  more  cheefy  matter.  loone-tighth. 

Hefaturaied  the  fluid  with  limc-watcr,  and  phofphatc  ofFii'^'^:  ^^ 
lime  was  precijiitaied  ;  This  liquor  having  been  filtrated  and  whkli  ihrowi 
diluted  with  three  limrs  its  quanlily  of  water,  he  poured  jn '''>™  p'"'''p'>''*« 
,...,.,  '  -',  ,,.,     ,.         Fillet.    Dilute 

oxalic  acid  atop  by  drop,  to  Icize  and  piccipilateall  the  lime;  withwiter.  Pie- 
and  he  afcertained,  by  the  addilion  of  a  little  lime-water,  £'?'""!>■"' '■T 
that  no  more  oxalic  ncid  remained.  He  evaporated  the  liquor  pora'tctomunwi 
to  the  conliflence  of  hnney ;  the  thicllened  acid  was  te-  confiftence.  Dif- 
dilTolved  in  reflkfied  alcohol ;  the  fugar  of  milk  and  all  Ihe  l^^^h^t^fti" 
foreign  fubOances  remained  on  the  lilire,  not  having  beeu  Then  odd  W4ter> 
difTolved  by  the  alcohr.!,  Lafily,  alter  having  again  added  a  "^^^"''^^^5^ 
little  water  to  the  acid  held  in  folution  by  the  alcohol,  he„i,aicKid. 
drew  off  this  lafl  lluid  by  diflillation,  and  found  the  laflic  acid 
to  ihe  retort. 

This  long  and  expenfive  procefs  does  not  afTord  a  purs  It  i<  not  pun> 
atid.     It  was  therefore  necelTary  to  adopt  a  Ampler  procefs 
before  its  nature  was  examined. 


Witbffefli*liejr     EtperimfJit  \.   If  Inflead  of  expofinf!;  whey  to  ihc  >it  ai 
^'^•"'^  '*  **■  Scheeic  direfts,  the  procefs  be  iromedialelj-  performed  on  lbs 

Ifrcfh  wliey,  a  ver^  I'niall  quantity  only  of  acid  isobuined,M-hicll 
ii  lef;  coloured  and  has  a  mure  animal  finell. 
Thit  acid  appeared  lo  me  to  be  uncombincd  in  the  milk,  u 
its  quantity  was  fu  fmall. 
Ifharyttior  Eijitritnaii  2.  Inflead  of  ufiiig  lime-water  and  the  oi^lie 

*™ji'^?^^''''-acid,  I  ufed  batyles  or  flrontjan  and  the  fulphuric  acid.     By 
tiCti  laAtti  dF    this  means  I  obtained  an  acid  no  lefs  puru  than  that  of  the 

Schccle  Ehc  [c-        Experiments.   I   had   likewife   attempted   to   decomporc  ■ 

fuh  ii  equally     laflaie  of  potafti  with  acetate  of  lead,  cxpefling  lo  form  x 

pTOKr/with       13<^&I<2  of  Iced   decompofable  by  the  fulphuric  acid  ;   but  the 

■MUtcof  leid     precipitate  Ihus  formed  is  not  a  laflaie  of  lead,  for  when  ■ 

wifweelifol.      (■u3;t.|en,  ouantily  of  fulphuric  acid  it  added  for  the  purpofc  of 

I  decompofinf;  it,  do  uncombined  acid  is  fet  at  liberty.     It  ap< 

peari  that  part  of  the  oxide  falls  down  with  the  animal  mailer: 

snd  this  compound  is  even  to  a  certain  degree  foluble.     It  it 

alfu  found  ihal  the  fluid  always  retains  much  acetate  of  lead  in 

foluiion. 

We  therefore  fee  that  though  ihis  procefs  has  been  pointed 

*  out  as  fuperior  lo  that  of  Scheele,  it  is  certain  lhal  it  lannol  be 

rmployed  lu  obtain  the  ladic  acid.     The  following  experi< 

menls  were  made  on  the  laflic  acid  of  Scheele. 

I^AicicMof  1-  The  inlenlily  uf  its  colour  may  be  diininrOied  by  i^rind* 

StflMleex-         jug  a  piece  of  red  hot  chartoal  in  a  morlar,  and  pouring  the 

laflic  acid  upon  it.     A  quantity  oflmall  flakes  were  feparated 

^I'liich  rofe  to  llie  furface.     The  fluid  was  (lightly  boiled   and 

tillered,  and  the  acid  was  then  lei's  coloured,  and  had  lefs 

odour. 

y.  When  Ihis  acid   i<t  diflilled  in  a  retort  acetic  acid  paffei 
!  over  and  a  thick  jellow  veJy  acid  Jtiatter  remains, 

S.  It  may  perhaps  be  thought  that  part  of  thU  acid  becomes 
changed  into  eccnc  .icid  by  the  alliftance  of  caloric,  »  Bef. 
thoUet  obferves  in  bis  Chemical  Statics. 

"  The   ternary  acids,  ai    this  chemift  obferves,   may  be 

dianged  into  acetic  acid,  when  by  the  a&ioti  ot  be*i  ibey 

abandon  part  of  their  carbon,  and  their  elemenli,  which  re&ft 

I  this  aftion  lefs,  arc  feparated  by  volatilastalion," 

I  I  have  afccrlained  that  great  pari  uf  ihic  acid  prcviouflj 


CKifled  in  the  fluid. 

S.  The 


LACTIC    ACIDj 


ss^} 


S.  The  fatne  phenometia  lake  place,  but  niore  flrikir^I)', 
if  wliey  bedillilled  which  has  been  expelled  lo  (he  air  at  ihi) 
tempecalureof  15  or  20  dugreei  (60  and  6»  Fahrenheit)  for 
about  a  foitnighl.  The  litft  produtrt  i«  a  clear  Itanrparent  fluid 
uf  an  Bcid  lade,  and  odnur  of  alcohol,  which  when  combinad 
U'ilh  poiajl),  forms  an  acetate. 

ir  alcohol  be  added  lo  what  remained  in  the  retort,  it  be- 
comes coloured,  Afler  decantallon  anddifiillalion,  an  acid  ii 
found  in  the  retort  of  a  peculiar  odour,  animalized,  and  ret 
fembhng  ihe  preceding;  but  the  acid  contains  a  very  fmall 
qiianlity  of  phofphale  of  lime. 

Thcfe  experiments  contirm  the  obfervations  I  have  made :  It  1 
l.That  a  mixed  acid  is  obtained  by  the  procer*  of  Scheele, '"' 
and  2.  That  an  acid  eKilU  in  milk  and  in  whey  recently 
prepared.  It  remains  lo  (hew  the  nature  of  thai  acid.  For 
titat  purpofe  I  prepared  the  la^ic  acid  according  lo  the  proccft 
of  Scheele  with  every  necefliry  precaution.  I  even  afcertamcd 
the  purity  of  my  alcohol,  which  having  been  diflillcd  from 
murialeof  lime,  marked  4^ degreei  of  the  eerometcrof  Keau- 

Tlie  ladic  acid  when  drlTolved  in  alcohol  was  fubmitled  lo  When  iiSditti    , 
di /I illation,     Thi;re  palfed  into  the  receiver  an  alcohol  which  " 
reddened  the  tinflure  of  lurnfole.  ^;,[,  ^^^^  f^^^^ 

When  the  acid  wai  totally  deprived  of  alcohol  the  diflilli-  L,aie  uid 
tfon  was  Hopped.     The  laClic  acid  of  Sehecle  remained  of  a  a"^"*^ 
yellow  colour  and  very  four  tafle. 

ExperiineiU  \.  I  mixed  quick  lime  with  ihis  concentrated  h  guTC  out 
acid,  and  a  dilengagemenl  of  ammonia  look  place.*  '""''  ^1  "■ 

Experiment  2.   If  a  lactate  of  polaD)  he  formed  and  evapo-I.iaiteaT  poBlb 
rated  by  a  gentk  heal,  a  brown  matter  is  fcparated,  \  '  " 

infoluble  in  water.     This  being  afterwards  healed  in 
bte,  the  lalt  fwell«  up  and  emits  an  animal  odour.     The  pre- 
tence of  prufiic  acid  was   proved   by  diflolving  the  remaining 
matter  in  water  and  adding  a  fmall  portion  of  the  fulphate  of 
iron  in  folulion. 

*  I  had  before  afccrtained  the  preftnce  «f  iminoTiia  in  this  acid, 
I  announced  it  on  ihe  Ijih  Nivofc  to  iheSociely  of  Phaimacy,  Mr. 
Vautiuflin,  who  was  not  acquainled  with  this  faf),  informed  nie  ai 
the  reading  of  the  lirlt  part  of  this  memoir  tbnt  he  had  aifo  aTcer' 
uincdfbeprrfeoccof  an  animal  matter  in  the  Ufticacid  of  Scheele. 
^»    '  Eijicrimc'it 


,   uid  by  hcti. 


tACTte   ACID. 

Sulph.  Kid  Experiment  3.  IT  Tulphurlc  acid  be  added  (a  laAic  acid,  or 

t^difcMu'u     **  *  '»^"«  °f  polal",  a  tlifengageinenl  lakci  place  noi  only  of 
■ccMui  aciil.       acetic  acid,  but  alfo  of  an  eladic  fluid,  wbich  forms  a  Ihick 

cloud  when  in  conlafi  wiili  ammonia. 
KftiUition.  Expc'-mc'il  4.  When  llie  preceding  mixtore  ia  difiilled  in 

an  apparatus  proper  lo  receive  ihe  gafeous  produft  in  water, 
the  diliilled  water  of  the  bollle  pteltrvei  its  Iranfparency ;  tlie 
fmell  of  aceOc  acid  is  very  evident^  it  leddefis  tumTole  and 
precipiiaLes  the  muriale  of  filver. 

When  a  fmall  quantity  of  ammonia  wai  brought  near  the 

lube  out  of  which  ihe  gas  iltued,  a  very  denfe  cloud  wa^ 

formed. 

Sir*  Jetompoftd      EjJ>erimeM  5    What  was  left  in  the  retort  was  evaporated 

ihncidofthe    to  drjuefs.     This  reCiHue  wat  browoi  very  acid,  and  wheg 

'■^'"  "*'!*"'''•  afterwards  healed  in  a  crucible  of  pi  aim  a,  fwellcd  up  and 

left  a  coal. 

During  this  operation  a  [mall  quantity  of  fulphuric  acid  n^i 
decomporcd. 

The  matter  that  remained  in  the  retort  was  dilTolved  in  diC- 
tilled  water.  The  folulion  did  not  redder  (urnfole.  but  it  gave 
a  brown  colour  to  paper  tinged  with  curcuma.  A  little 
fulphuric  acid  was  added  to  faturalion,  and  alter  evaporaiioa 
cryflals  were  obtained  by  cooling,  which  exhibited  the  cha> 
raflers  of  fulphate  of  poialh.  , 

As  the  fupernalant  liquor  had  a  metallic  ta(ie,  pruffiale  of 
lime  was  poured  on  it,  which  produced  a  bluilh  tinge, 
fcjflic  itid  de-       Eiperimenl  6.     The  laflic  acid  may  alfo  be  concentrated  lo 
wnpoicd  hy  fin  ijrynefs ;  heated  to  incineration  in  a  crucible;  afterwards  dit- 
Icivo  poll   .      f^i^gj  j|,g  diOiiled  water  and  precipitated  by  nitrate  of  Ijlver. 
A  muriate  of  filver  is  farmed  which  may  b«  feparated  by  the 
dhecf  and  the  lluid  which  contains  the  nitrate  is  then  evapo- 
rated and  decompnfcd  by  heat.     A  while  matter  remains, 
which  when  diffolved  in  water,   alTord*  with  the  taitareoui 
acid  an  acidulous  larlrile  of  polath. 
Campoaent  fMti      Hence  I   conclude   that  Ihe  laflic  acid  of  Scheele  ii  com- 
i''fl'''"-d'        P"'^^''  °^  acetic  acid;  muriate  of  poiafti;  a  fmall  portion  of 
iron  prol>ably  diflulved  in  tlic  acetic  acid;  and  an  aDunat 
*  matter,  -.^^ 


^ 
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Jn  Aaalitfis  of  the  Magnetkai  Pyrites;  xeith  Utinarki  onjbmc  t^ 
ike  other  Sutpliitret*  of  froH.      ^Chakles    Hatchett, 

Ej>i.  F.  R.  S.     Frnm  the  Philofophical  TranJIiAiont  for  1 S04. 

5  I- 

VyF  ihe  various  mPlallic  fulphuret*  which  conftilule  one  ofVni«t&l  &f- 
ihe  grand  djvifioniof  ores,  none  appear  lo  be  fo  univerfally  dif-  "  °°     ^^^"^ 
perfpii  Ihroughoul  Ihe  ginbe,  as  llie  fulphurel  of  iron,  commonly  phuRU  of  iron 
L-2.\\ed  Mailial  Pyrites;   Tor  the  fpccics  and  varieties  of  lliii  ara 
found  3t  all  depths,  and  in  all  climates  and  Toil*,  whether 
aticienl,  or  of  alluvial  and  recent  formation.     It  is  remarkable 
alfo,  that,  under  certain  circumftancei,  thi^  Talphuret  is  daily 
produced  in  Ihe  humid  nay;  an  inflnnceof  which,  a  few  yeafi 
back,  I  had  the  honour,  in  conjunflion  with  Mr.  Wifeman,  lo 
lay  before  ihi«  Society  ;  •  and  allhough,  in  regard  In  pecuniary 
value,  the  pyrilen  of  iron  may  be  conlidered  as  mmparalively 
inlignificant,  yet  ihere  i^  every  reafon  to  believe,  that  in  iha 
operations  of  nature,    it  i«  a  I'ubllance  of  \f:ry  confiderable 
imporlaiice. 

ill. 

The  fpecies  and  varieties  of  roarltal  pvrilDi,  are  in  general  fo  ^ 
well  knowHi  and  have  been  fo  frequently  and  accurak'ly  de-^, 
fcribed,  as  lo  figure,  lullre,  colour,  and  nlher  external  charac-fo''  flroni  nut- 
ters, that  it  would  be  lolally  fupetflunus  here  lo  give  any  de-*" 
(ailed  account  of  them.  One  uf  the  fpecien,  however,  meriti 
peculiar  notice,  as  poflcding  the  remarkable  property  of  llroag 
magnetic  polarity;  and,  allhough  it  hasbeen  Jefcribed  by  mo- 
dern mineralogiftst  il-  (loes  not  appear  to  have  been  as  yet  fub- 
jefled  to  any  regular  chemical  examination;  fo  ihat,  whether 
it  be  a  fulphuret  of  iron  inherently  endowed  with  the  magneli- 
cal  properly,  or  a  fulpliuret  in  which  parliglei  of  the  ordinary 
niagnelical  iron  ore  are  limply  but  minutely  in terfperfed,  hai 
to  this  time  remained  undecided. 

•  Phil.  Tranf.  for  1798,  p.  S67. 

+  Kirwan,  Vol.  II.  p.  79.     Widenmann,  p.  793.     EmmerllnE, 
,    9A  tdit.  Tom,  II.  p.  381}.    Karftcn,  p.  48.    Brochaot,  Tomg  II. 
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r         Tliii  Tpecies  is  known  by  the  name  of  Magnelical  Pj'riie 
"'  and  is  called  by  ihe  Germans  Mugnet-k'ies,  or  Ferrum  n 
jUluin  magnelico-pi/rilac£um. 

Il  ii  moil  Trequenlly  of  the  colour  of  bronze,  pafilng  to  a  ] 
pale  cujireout-ted. 

TlieluRreismelallic. 

The  fraflure  is  unequal,  anJ  commonly  coatfe-gtainetl,  bull 
fomeiimesimperfefHy  conchoid-iiI, 

The  fragmenii;  are  amorphous. 

The  trace  is  yellowilh-gray.  *vilb  fomB  nietaljic  lufire. 

It  is  not  very  hard;  but,  when  llruirk  with  iieel,  fparUai^i 
produced,  although  with  fome  dilTlcully, 

It  is  brittle,  and  is  eafily  broken. 

Thii  pyrites  lias  been  hitherto  found  otily  in  fome  parU  i 
Notvi'ay,SiIeria,  Bavaria,  and  efpecially  at  Geier,  Mefftrfdorft  ' 
and  Breilcnbrunn  in  Saxony  ;  but,  having  received  fome  fpect* 
mens  from  the  Sight  Hon.  Charles  Greville,  F.  R.S.  1  wh 
llruck  with  their  refemblance  to  the  pyrttes  of  Btcitenbninn, 
which  happened  at  that  time  to  be  in  my  polTeflion  j  and,  upon 
trial,  1  found  that  they  were  magnetical,  and  agreed  with  the 
latter  in  every  partiiular.  Their  magnetic  power  was  fuch  ai 
ilrongly  lo  affefl  a  wt-II-poized  needle,  of  about  three  iiicb«*  ia 
length;  a  piece  of  the  pyrites,  nearly  two  inches  fcjuare-,  aQed 
upon  the  needle  at  the  diflance  of  four  inc!ie<. 

The  powder  ( which  it  black ifh- gray,  with  but  little  tnetallic 
lulire)  K  immediately  taken  up  by  a  common  magnet ;  but  (he 
pyrites  docs  not  afl  thus  on  the  powder,  nor  on  iron  filingi. 
unlefs  it  hai  been  p'aced  for  fome  time  between  tnagnelical 
bami  then  indeed  it  a£lt  ponerfully,  turns  the  needle  compleicljr 
round,  altiaAn  and  takes  up  iron  tilings,  and  feems  permanently 
lo  retain  thit  addition  lo  its  original  power. 

In  the  fpecimens  which  I  (Plained,  the  north  pale  was  go* 
ne rally  the  ftrongell. 

This  pyrile«  was  found  in  Wales,  about  the  year  IT98,  bj 
Ihe  Hon.  Robert  Greville,  F.  R.S.  who  feni  the  fpecimvni 
above  defcrilKd  |o  his  brother,  the  Right  Hon.  C.  Greville, 
with  the  following  accoonl, 

"  It  !i  found  in  great  abundance  in  Caernarvondiire,  near 

"   "  liiebafeof  tliemouiitain  called  Moel  lL!ion,.or  probably  with 

'fjsoi;e  accuracy  Muel  j'Elia,  anU  oppuiiie  lo  the  mount  a  io 

"called 

ll.IT 


"called  Mynydd  Mawr.  Tliefe  moutilainsform  tlioentranre 
•■  into  a  little  clofe  valk-y,  ivhicli  k-ad-i  1o  Cy  wellin  lale,  neat 
'<  SnowJun,  a  liille  beyond  the  hanilol  of  Bettwt, 

"  The  vein  appears  lo  be  fomc  yards  in  depth  and  bmdlli, 
"  and  Teeins  to  run  I'rom  north  lo  foulli,  as  it  is  fimnd  nii 
"  Mjnydd  Mawr,  which  is  acrofi  the  iiarroiv  valley,  and 
"  «pp()(](e  to  Moel  j^Elia." 

Mr.  H.  Grevilk,  in  another  part  of  hh  letter.  Hales  that 
copper  ore  has  been  worked  in  Teveral  of  (he  adjacent  place*, 
and  that,  many  years  ago,  Capl.  Wilhaitm,  ofGlan  yr  Avon, 
employed  Tome  miners  at  the  place  where  llii<  pyrilei  i«  foundf 
hut  the  undertaking  proved  unproduflive.  Yellow  copper  ore 
it  certainly  in  the  vicinity ;  rorfoine  portion.iorilwere  adherin); 
(o  the  rpeclrnens  which  have  been  mentioned  ;  and  I  Ihall  here 
obferve,  that  the  Hone  wliich  accompanies  iho  magnelical 
pyrites,  is  a  variety  of  the  lapis  ollaris  or  pot-ltonc,  of  a  pale 
gray ilh- green,  contaiDin^  fmoolh  cubic   cryDals  of  comQioa 

5  iir. 

From  llie  appearance  of  tiiofe  part;;  of  the  magnelica!  pyrites  Mieiwtk'py.  \ 

which  have  been  esp<)red  lo  the  weather,  it  feemi  to  beh'able'"'f" ''"'('"'f 
,     '  .....  oiid.ble  by  iIn 

to  oxidisemenl,   but  not  to  vitnolizaiion,  wcaiher. 

The  fpecific  gravity,  at  temperature  65'  of  Fahrenheit,  isSp.  gravity. 
4518. 

When  expofed  lo  the  blowpipe,  il  emil*a  fulphureous  odour,  Ea«a  of  mere 
and  melts  into  a  globule  nearly  black,  which  is  attracted  by  the '".""'J' '>'"*- 
magnet. 

Five  hundred  grains,  in  coarfe  powder,  were  expofed,  in  a  — Ina  crudblej 
fmall  earthen  retort,  to  a  red  heal,  during  three  hours.     By 
this  operation,  the  wei(;hi  of  the  powder  was  very  little  di- 
miniftied;   neither  wa^  there  any  appearaiiie  of  falphur  in  the 
receiver,  which  however  fmelt  Drongly  of  fulphuteous  acid. 

Five  hundred  grains  oF  the  fame  were  put  into  a  Hat  porce-— im 
lain  crucible,  which  wat  kept  in  a  red  heat,  under  a  muffle, 
during  four  hours.  The  powder  then  appeared  ol'a  dark  gray, 
with  a  tinge  of  deep  red,  and  weighed  432.50  grain*.  The 
loft  WB9  therefore  67.50=  13  JO  percent,  but,  upon  examining 
the  refiduum,  I  found  that  only  part  of  (he  fulphur  had  i>een 
thuifeparated. 

Th« 


MAi:KeTtCAL    FTBITBS. 

Pwdj  bluble  The  tnagneliral  pyr'de%,  when  digefled  in  dilule  fulplmric 

ind.lotttoipli.  jj.jj,_  jj  padiallj  dilToIved.  with  lidle  effervercence,  atihough 

ibcre  is  a  very  pc-n-epiiblc  odour  of  fulphiiretied  bydrogen.  ^| 

TliC  folutinn  i«  of  a  verv  pale  green  colour.  ^M 

I       Frecipitaici,  I'uie  ammonia  produced  a  daik  grcM;n  precipiute,  lending  nl 

^^^'  black}  and  prulliate  of  poiafh  fotmed  a  vcty  pale  b!ue  prcci- 

^^H  pilalc,  or  ralhcr  a  whiicprecipilate  mingled  with  a  fmall  portion 

^^H  of  blue.     The  wliule  of  the  laltcr.  however,  by  etpofure  to  ihe 

^^^H  air,  gitadaitty  allumed  llie  ufual  inleiiruy  of  Pruilien  blae;  and 

^^^H  tlie  Lbckilh  green  piecipilate,  formed  by  ammonia,  became 

^^B  gradually  nchraccous.    Thcfe  etfe^s  therefore  fully  prove,  that 

^^^  Ihe  iron  in  tlie  foluiion  wa»,  for  the  greater  pari,  at  ihemiQimum 

r  of  oxidizement,  fo  at  lo  form  I  he  green  futpliale,  and  while 

f  pru^iate.   of  iron;  *  and,  confcqueiilly,  ihat  (he  iron  of  Ihe 

I  magnelical  pyrites  is  either  quite,  or  very  neatly^  in  Ibe  flalc 

of  perfea  metal. 

Efffaofnittie       T|l>s  pyrilei,  when  treated  m  ilh  nitric  acid,  of  llie  fpecilk 

Mid.  gravity  of  I.3S,  diluted  with  an  equal  quantity  of  water,  is  at 

Aril  butliltlcaflbaedi  but,  when  heat  is  applied,  it  isdifTolved, 

with  much  effervefcence,  and  difcharge  of  nitrous  gas;  the 

I  efTervefcence,  however,  h  by  no  means  fo  violent  ai  wben  the 

common  pyrites  ate  treated  in  a  fimilar  manner.     It  is  alfo 

'  worthy  of  notice,  lhat  il  the  digcdion  be  not  of  too  longdara- 

tion,3conGderab1equariiily  of  fulphur,  in/kbjlance,  isfcpacated; 

whilft,  on  the  contrary,  fcarcely  any  can  be  obtained  from  the 

common  pyrites,  when  treated  In  a  fimilar  manner i  although  I 

fliall  foon  have  occaGon  to  prove,  that  the  real  quantity  of 

fulphur  is  much  more  couliderable  in  the  latter  than  in  the 

Ofmur'mie  An   foon  as  muriatic   acid  is   poured  on  the  powder  of  tlic 

Kid.  niagnelical  pyrites,  a  flight  effcrvefcence  is  produceil,  which 

I  bei-omes  violently  incteafed   by  the  application  of  heat;  a 

I  quantity  of  gas  ii  dirch^ged,  which,  by  its  odouri  by  iu  in- 

[  flammability,  by  thecoltiur  of  the  Qame,  by  the  depo&tion  of 

fulphur  when  burned,  and  by  other  properties,  wat  proyi 

be  fulphuretled  hydrogen. 

During  the  digedion,  fulphur  nas  depofiled,  which  fo 
vclopcd  a  fmall  part  of  the  pyrites,  at  (o  proteCI  it  from  tbf 
farther  aftion  of  Ihe  acid. 

•  Rccherchci  fit  U  Bku  dc  Pruflf,  paf  M-  Proull.     AmBin  4*^. 
Chimie,  Tome  XXIII.  p.  £5. 
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The  folution  was  of  a  pale  ydlowitti-green  colour.  W.lb  MuriitUI 
pruOiate  ofporafti  it  aifordeil  i  pale  blue  precipilale,  or  talhera 
white  precipilale  mixed  wiih  blue;  and  wlih  ammonia  it  forraed 
e  dark  black i(h- green  precipilale,  which  gradually  became 
ocluacGOus;  fo  that  ibefe  tffecH  corroboialed  liie  conclufions 
wbicb  were  founded  on  ihe  piopMiiet  of  ilie  fulpliuric  lululjon. 
namely,  (bat  (he  iron  cnnlauied  in  the -pyrites,  is  almoll,  if  not 
(juile,   in  tlie  metallic  Italc. 

Other  enperimeiits  were  made;  but,  as  tbey  merely  conlim 
the  above  obrervalion),  I  lUuIl  pioceed  to  give  an  account  uT 
tlie  analyils. 

5  IV. 

ANALYSIS    Oe    THE     MAGKETICAL    PVRITEI. 

A.  One  hundred  grains,  reduced  lo  a  fine  powder,  were  ^"•'y'''' 
dige«.d  will,  l«o  o«.>ce>  of  m,mAc  acM,  In  .  gl.fc  m.ln.r.  ifpfH^™'"' 
placed  in  a  fand  bath.  The  e&ecli  already  defcribed  took  itigeltcd  in  ihh- 
place;  and  a  palu  jcllowifli-green  liilulion  was  formed.  The  p*J|^^"fuj|||.^ 
reliduum  was  Iben  again  digeOed  with  two  parts  of  muriatic  Reiiiiue  ueand 
acid  mixed  with  one  of  nitric  acid;  and  a  quantity  of  pure  '^  n^ro-imir. 
fulphur  waj  obtained,  which,  being  dried,  weighed  Ingrains,  rulphar  fepi- 

B.  The  acid  in  which  the  refiduum  had  been  digcfied,  "'"^; 
, ,  ,  .  .,  ,.  „  ■  ,-  r  r  .-  I-  -J  To  lhe«id  fa- 
was  added  to  the  firll  muriatic  lolution;  fome  nitric  acid  wasiu^oni  wutdiled 
alio  poured  in,  lo  prrtmole  the  oxidizenienl  of  the  iron,  and  fomenittic  icid 
thereby  to  facilitate  the  precipilalion  of  it  by  ammonia,  which  ^^b  pitelp.  tw" 
was  added  after  tbe  liquor  had  been  boiled  for  a  confiderable  munanii.  The 
lime.  The  precipitate  thus  obtained  was  boiled  with  lixivium  L'l^'j'Jjth  ut 
of  polalli;  it  wa.(  then  edutcorated,  dried,  made  red-hot  with  ihi  ind  then  re> 
wax  in  a  covered  porcelain  crucible,  was  completely  taken  up  ^^?T^  '^ '''"'' 
by  a  magnet,  and,  being  weighed,  amounted  lo  SO  grains. 

C.  The  lixivium  of  potalli  was  examined  by  muriate  of  The  pouft  li«- 
ammonia,  but  no  alumina  was  obtained.  iviuin  gi»c  ni» 

D.  To  the  liltraled  liquor  from  whiefi  the  iron  had  been  pre-  Tht  firft  (bto- 
cipjtated  by  ammonia,  muriate  of  barylei  was  added)  until  It ''°"  ''^""^  "** 
ceafcd  to  produce  any  precipitate  j  this  was  iben  digelled  with  m^f'tji^Mi"."' 
Ibme  very  dilute  muriaiic  acid,  was  collefled,  walbed,  and.  The  fuiphite  of 
after  expofure  to  a  low  red  heat  for  a  few  minutes  in  a  crucible  ,Jn^'j,j"jJ 
nf  plalina,  weighed  155  grains.  If  therefure  the  quantity  of  liic  qumiiry  of 
fulphur,  converted  into  fulphutic  acid  by  the  preceding  oper-  '^"'l'''"  ''"'■ 
alions,  and  precipitated  by  barytes,  be  calculated  according  to 
the  accurate  experimtnU  of  Mr.  Chenevix,  Ihefe  IS^grainsof 

fulphate 
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Tjljiliate  6r  t»rylet  will  denote,  nearly,  32.M  of  rulplmr ;  Co 
Ihat,  wilh  ihc  addilion  of  (he  14  graini  previoiifly  obuined  tn 
Tubllance,  the  total  quanlilv  will  amounl  lo  36.50. 
Citiinitc  of  the  E.  Moreover,  fiom  what  lus  bccii  Rated  it  appear),  that 
pwtircninihc  |[,e  iron  which  wa»  obtained  in  (be  form  vi  black  oxide, 
weighed  SO  grain* ;  and,  bj  idding  ihitCe  HO  graina  to  the 
3P.50  of  fulphur,  an  increafe  of  weight  is  fuund  s=  16.317. 

PThis  was  evidently  owing  to  (he  o^idizenient  of  the  iron, 
which,  in  (he  magnctical  pyrites,  exitti  quite,  or  very  nearly, 
in  the  metallic  italc,  but,  by  the  operation*  of  the  analylis, 
had  received  this  addilitm.  The  real  quantity  of  iron  muAv 
on  (his  account,  be  ellJniateil  at  63.50. 
Cnmpsucnt  One  hundred  gtains,  therefore,  of  the  magnetical  pyri) 

E"'*:  ,  yielded, 

Suiphur  4.  and   '  f  A     1 1       1 

'"i"7-  Sulphur  1 2;  ^*jqJ3C.50  grains. 

JroM         E.     =        153.50 

100. 

Awljifitr*-  This  analylis  was  repealed  in  a  fimllar  manner,  excepting 

^^Mihttl  '''^'  '^"^  """"'^  **'  digefled  in nittic acid,  until  the  fulphur  was 

pbut  b;  RiDic     inlirely  converted  into  futphuric  acid.     To  the  liquor  which 

■di.    Stat  rt- remained  after  (he  reparation  of  the  iron  by  ammonia,  muriate  oi' 

barytes  was  added,  as  before,  and  formed  a  precipitate  which 

weighed  ^M  grains.    Now,  as  the  fulphuricacid  in  fulphateof 

burytet  in  ellimated  by  Mr.  Chenevix  at  23..^  per  cent,  and  the 

fulphur  which  is  required  lo  form  (he  fu'rhutic  acid  contained 

iu  lOOpartsof  fulphateof  barytes,  at  t  V.5  *.  il  follows,  thai 2M 

grains  of  dry  fulphate  of  barytei,  contain  futphuric  acid  eqi: 

%'cry  nenrly,  to  36  grains  of  fulphur ;  fo  that  (he  two  analj 

corroborate  each  other.    The  proportion  of  fulphur  in  the  nag* 

nelical  pyrites,  may  therefore  be  ftaled  at  3S,50.  or  indeed  at  37 

per  cciU.  (f  fome  fmall  .nllowance  he  made  for  the  occasional 

prefence  of  earthy  particles;  a  minute  portion  of  (|Uf!rla  having 

been  found,  by  the  lall  analyfis,  alter  (hecoraple(eacidiUcstiua 

of  fulphur. 

The  iron  in  ihi)      The  increafe  produced,  by  the  operations  of  the  analyfis, 

"'"'")l^l'''i^' '"  '''^  **^'S'''  "^  '""^  ''■""•  ""^^-  *'  ^  ^^"^  already  remarked, 
thenubiii«  from  the  addition  of  oxygen;  for  the  iron,  as  obtained  by  the 
^K-  analylis,  was  in  the  flate  of  black  oxide;  but  in  this,  and 


•  Tiaiilaftioni  of  the  Royal  Iiilh  Academy,  Vol.  Till.  p.S< 
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indeed  in  all  pyrites,  it  undoubtedly  exiih  very  nearly^  0r 
quite,  in  the  flate  of  perfect  metal.     Nov<r  the  black  oxide  of 
iron,  called  Protoxide  by  Dt.  Tbomfon  *,  has  been  proved, 
by  Lavoifier  and  Prouft»  to  confift  of  100  parts  of  metallic 
iron  combined  with  37  of  oxygen,  thus  forming  137  of  black 
oxide ;  the  exadl  proportion  of  oxygen  is  therefore  27  per 
cent^  and  80  grains  of  this  oxide  muft  contain  21.6  of  oxygerr. 
But,  in  the  above  analyfes  of  the  magnetical  pyrites,  the 
increafe  of  weight  did  not  amount  to  more  than  1 6,S ;  and  we 
may  therefore  conclude  that,  in  all  probability,  a  quantity  of 
oxygen  =  5.1  was  previoufly  combined  with  fome  party  or 
with  the  general  mafs,  of  the  iron  in  the  pyrites.     A  fmall 
part  of  the  abovementioned  increafe  of  weighty  mud  likewife 
have  arifen  from  another  caufe ;  for,  although  the  true  propor^ 
lions  of  the  black  oxide  of  iron  are  27  of  oxygen  and  73  of 
iron,  (fo  that  100  parts  of  the  latter  abforb  37  of  the  former,) 
yet,  in  adlual  pra6lice,  it  is  difllicult  to  obtain  it  exadly  in  this 
flate,  and  there  is  commonly  a  fmall  excefs  of  weight :  this 
I  have  repeatedly  obferved,  in  many  experiments,  fome  of 
which  were  purpofely  made.     When,  for  inflance,  100  parts 
of  fine  iron  wire  were  diffqlved  in  muriatic  acid,  and  after- 
wards precipitated  by  ammonia,  edulcorated,  dried,  and  made 
red-hot  with  a  fmall  quantity  of  wax  in  a  covered  porcelain 
crociblei  the  weight,  inftead  of  137,  ufually  amounted  to  139 
or  140.     The  quantity  of  wax  employed,  certainly  did  not 
affbrd  a  ponderable  <{uantity  of  coal,  or  other  refidoum ;  b4t 
the  real  caufe  of  the  increafe  of  weight,  appears  to  be  the 
air,  which  can  fcarcely  be  completely  excluded^  and  which, 
after  the  wax  is  burned,  combines  with  the  fuperficial  part  of 
the  oxide,  and  converts  a  portion  of  it  into  the  red  or  per- 
oxide ;  fo  that  (he  furface  in  the  crucible  appears  brown,  when 
compared  with  the  interior. 

'  To  this  cauf<^  therefore.  Lam  inclined  alfo  to altribiiie  t. 
fmall  part  of  the  increafe  obferved  in  the  weight  of  the  iron 
obtained  by  the  preceding  analyfes. 

Bcfpre  I  mak^  any  obfervations  on  the  nature  of  the  ful-  Compirative 
nhuret  which  has  been  proved  to  conflitute  the  mvitinetlcal^^y^* ^ ^^^ 

*  •  ^  Pyritet,  by  t-^ 

♦  Syftem  of  Chemiary,  2d  edition,  Vc^.  L  p.  147.  wSiteVfdie 

"     pyrites/"^?^^- 


f 
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^rlM),  it  maybe  proper  to  flatc  Tome  compardlive  tnaiy) 
which  I  have  made  of  feveial  of  Ihe  comni 
ai  the  meiliod  employed  was  piecifwly  ihe  fame  as  thai  whioh 
has  been  defcijbed,  all  liiat  feenis  to  be  lequilite,  is  to  give  an 
accoUiii  of  the  rcruln. 

In  each  anai)lis,  ihe  whole  of  Ihe  Tiilphiir  was  converted 
iulo  fulphuric  acid,  which  was  precipitated  by  birjies  ;  and, 
in  Ihe  felefiion  of  ihe  fpecimens,  great  attention  was  paid  to 
take  the  internal  parts  of  the  fragments,  and  not  lo  make  ufe 
<if  any  which  exhibited  an  appearance  ol  decompoGtion,  oi 
vf  exltaneous  fubflances. 

The  iron  was,  as  before,  reduced  to  the  fiate  of  black  ox- 
ide; and  Ihe  addition  of  weight  in  each  leparate  analyfis, 
COrreCponded,  wiliiin  a  few  fraftinnal  parts,  wiih  the  propor- 
tion of  oxigen  retjuiiite  to  form  into  black  oxide  a  given  ()U3n- 
lily  of  metallic  iron,  equal  lo  thai  which  in  each  pyrites  waj 
afcerlained  lo  be  the  real  proportion,  by  deducing  the  quan- 
tity of  fulphur  from  ihe  total  <]uantity  of  each  pyrites. 

The  iront  therefore,  in  ihefe  is  completely  metallic,  and  n 
fiich  is  Dated  in  the  Toilowing  refulti : 


Thecompancnt  No.  I.  Pyrites  Jn  the  form  of  dodecoedroni 

fanitt tilt  com.         ■   with  pentagonal  faces.        -         •  ^_^__ 

r,r.';"u.  sp=ci6.gr.„.,4sjo.  J      ,^ 


V  Sulphur    J2.50 
No.  2.  PjriCe!  in  He  form  of  AtialeJ  cnbei.  I ''°°         *'-™ 


'"■IS 


100. 


No.  3.  PyriteHnlhefbrmof  fmoothpolifhedl  Salphor    J2.70 
cubes,  found  in  the  lapis  ollaris  which  I  Iron  47-30 

accompanies  the  magnelical  pyrites.     |  ■      -  - 

Specilic  gravity  4a3l.  J  lOO. 

No.  1.  Radiated  pyrilei. 
Specific  gravity  4691. 


No.  5.  A  fmaller  variety  of  ra 
Specific  gravity  4775. 


■   Confidering  the  difference  in  the  figure,  luflre,  and  colour 

of  thefe  pyrites,  1  expedcd  lo  have  found  a  much  greater 

ditTerence 
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dUfercnce  In  the  proportbns  of  tlieir  componenl  ingredients  ; 
bull  B)  (he  refulu  are  the  average  of  feveral  e^periiBcnli,  I 
have  not  any  (i.-afi>ii  to  doubl  (heir  accuracy. 

The  pyritei  cryflalhzeil  in  regular  figures,  fuch  as  cubej  Etgulir 
anil  dodecaedrons,  according  to  the  above  aiialyfes,  contain  """'"^^J 
ler*  fulphur,  and  more  iron,  ihan  the  radialed  pyrilesj  and  oitct  pji 
perhaps  than  uthen  which  arc  not  regularly  cryliallizcd,  Tliit 
difference,  however,  is  not  coiifiderable  j  for  the  dodecaedral 
pyrites,  which  afforded  the  ftnallefl  quamily  of  fulphur  of 
any  ol' the  regularly  crydallized  pyrites,  yielded  5'2.I5;  and 
the  radiated  pyrites.  No.  5,  gave  54, St;  the  diSerence, 
therefore,  h  only  2. 19.  So  that  tiie  mean  proportion  of  ful- 
phur, in  all  the  pyrites  which  were  examined,  is'S3.'2-l-  ptr 
cent,  and)  taking  [he  proportion  of  fulphur  in  llie  mngnclical 
pyrites  at  36.ao  or  37,  the  diffurence  between  this  and  the 
mean  of  ihe  common  pyrites  will  be  \6.7i  or  l(}.124'.  The 
magnetical  pyrites,  therefore,  is  quile  diAmft,  as  a  fulphuret 
of  iron,  from  the  common  martial  pyrites  ;  and,  in  the  follow- 
ing  ubfervations  I  fliall  prove,  that  a  fulphuret  confitling  of 
the  proportions  lall  menlioned,  has  till  now  been  unkl»>Wn 
Ai  a  produf)  of  nalurc. 

S  VI. 

Although  pyrites  is  one  of  tlie  moil  common  of  mineral  niflnty 
fubHances,  yet  ihediieoveryof  its  real  nature  is  comparatively  "'"' 
of  a  late  date;  fur  it  appears  that  even  Agricola  (whofe  know- 
ledge of  mineral  bodies  was  certainly  great,  confidering  the 
flale  of  fcience  in  his  time)  was  not  acquainted  with  its  cha- 
raflerillic  ingredient,  namely,  iron.  According  to  Henckel, 
this  was  5rn  noticed  by  uur  couiilryman  Martin  Lifter,  a 
member  of  this  learned  Society,  who  (ay?,  "  i'l/rilu  purut 
putiujcrri  inelallum  eft." 

From  the  lime  of  Hcnckcl,  pyrhes  feems  little  to  haveEiperin 
attrafled  the  notice  of  chemifts.  until  Mr.  Proull,  the  learned  ''"'^■ 
profeflbr  of  chemiflry  a.t  Nfadfid,  publilhed  two  memoirs,  in 
which  b6  Hales,  thai  there  are  two  fulphurcts  of  iron,  the  one  Two  rulpknitu 
being  artificial,  and  the  other  natural.  The  firfi  is  the  fu'phu-^J™;^^^" 
ret  which  \i  formed  in  laboratories,  by  adding  fulphur  to  red-cifilTloliibk  in 
hot  iron,  or  by  enpofing  both  of  thera  to  heat  in  a  retort,  Th'*'*i'''|,?"ir'^ 
is  di(lingui(hed  from  (he  fecond  fulphuret,  (which  n  the  com-  ' 
mon  taanial  pyrttt*,]  by  in  eafy  folubiliiy  in  acids,  efpecikl)/ 

Vol.  3^,— ArkiL,  180^.  T  a 
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in  moriatic  acid,  b)>  the  formation  of  fulphutcUcd  liidi 
gas  during  (he  fulution  ut'  ihe  (ulphuret  in  the  UH  named  a<^ 
by  its  colour,  and  by  Ha  infcriot  dealil^. 
Anificiil  r«l'         AccotdinK  ro  Mr.  Frouft,  the  firfl  orartiikial  rulphardti 
'h"^'  'o'    "•"P"'^''  "'  ^^  P"'"  "f^  fulphur,  combined  wilb  100  patti  « 
Ironi  naturil,     iro"  ;   wliilft  the  fecond  fulphorel.  or  commun  pyrJlce,  confifU 
yfulphunnd  iO(,f-9o  parts  of  fulphuf  and  100  ol  iron. 

Th*  ««fi  of  He  moreover  obfave),  ilial  ihe  fulphor  of  ihe  lirli  fulphuret 
fulpbut  if  (ifilr  it  diOicullly  fcj^araicd ;  bul  Ilial  Ihe  exceft  which  is  in  llie  fe- 
pttit!r-  bu't'noi'*''"' '^^'P^'"^'''  or  common  pyrile*,  ii  eafily  expelled,  and  i» 
the  Dihu  pyi-  ihat  portion  wiikli  i«  obtained  by  diflillation,  (lie  renduuiQ 
,  *»■  being  then  reduced  to  ihc  ftale  of  ihe  fiift  fiilphutet  •.     100 

H  parti,  therefore,  of  ihii  fubflancc,  arc  conipofed  of  eZ-iO  of 

^1  iron  and  37.50  of  fulphur;  and  100  parts  of  common  pyrites 

r^  arc,  according;  to  Ihi;  flatemcnl,  compofed  of  52.64  of  iron 

and  47.3G  of  fulphur. 
Thcf  m  the         Thcfe  proporiionE  Mr.  PtouA  coniider*  ai  (be  minimun 
mm'in>"tlK    ""'^  maximum  of  the  fulphurels  of  iron.     For  tho  latter  he 
(vlphoitii.        allows  fome  variation  I  but  the  compOfilion  of  the  formet  he 
regards  ai  fixed  by  the  invatiable  law  of  proporliunt  f;  al- 
though he  obferves,  ihal  il  titu  not  as  yd  been  dijliutrcd  I'nlJw 
mineral  kingd-nn  \. 

In  (uppurt  ol  Ihefe  aiferlions,  Mr.  Proull  Hates, 
Eirc[*>««<n  "f       1 .  That  the  pyrites  found  near  Soria,  when  diflilled  ht\ 
Prauft  on  ttiii     ^etori  Sealed  to  tednefi,  aiTorded  nearly  20  per  eeiU.  of  fill, 
phor. 

'2.  That  Ihe  rcfiduum  of  Ihe  above  diOitlation  had  loD  ibc 
external   chara^ers  and   chemical   propediet  of  pyritet,  i 
had  alTumed  ihofe  of  ibe  artificial  fulpltuiet  of  iron* 

•  Journal  Jt  Phjifiqat,  Tome  LI  II.  p.  89,  and  Tome  LIV.  f,\ 

From  |>|>.  31  and  92  of  Tomr  LIV.  It  U  evident,  that  the  authof 
daei  not  mean  lo  afftrt,  thst  the  firft  fulphuret  contains  (50  fn  civt. 
of  fulphuri  but  lhat  100  parti  uf  iron  are  combined  with  60  of 
lulphur,  and  form  160  of  ihc  fulphuret.  In  like  manner,  when 
90  of  fulphur  ait  united  with  100  of  iron,  a  fobftaitce  analogoua 
to  conunon  pyrites  i>  formed,  which  weight  1 90  giaini  or  pirfi. 

See  alfo  oui'  Journal,  I.  109,  969,  353,  for  tianOatioiu  of  ibcft 
excellent  memoir*. 

t  ywrK«l  Ji  Pbjifiqui,  TomeLIIl.  p.  90. 

J  "  La  re^e  mineral,  jufqu'id,  ne  noua  a  ptont  cncoftt  pn- 
ftnte  le  fcr  fulpburj  au  minisium."  Jtarnai  ii  fhj^e.  Tome 
UV.  p.  93.  1 

'  5  3.  Th»t 
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8.  That  when  to  thii  refidoam  a  <]uanti(y  of  falplmr  was 
added,  and  ihe  whole  wac  diftilled  in  a  degree  of  heal  not  loo 
great,  Ihe  20  per  etni.  of  fulphur,  which  had  been  leparated 
by  the  firll  dlllillalion,  wai,  by  lhi«,  again  telloreii;  and  th« 
taaXi  in  (he  retort  Ihun  recovered  nearly  the  original  colour, 
luflre,  and  chemical  properliea  of  (lie  pyrii6«. 

4.  Thai,  ly  adding  fulphur  lo  iron  fihng<,  or  fine  iron  wire, 
healed  to  a  low  red  in  a  relort,  a  compound  is  obtained,  in 
which  lh«  proportion  of  fulphur  amouDts  only  lo  about  2Q 
or  30  parts  i  but,  if  liiis  compound  is  again  treated  with 
fulphur  in  a  red  heat,  a  fulphurel  k  formed,  which  \%  readily 
didblved  ill  acids,  and  plentifully  affords  fulphurctted  hydro- 
gtn  gas. 

This  is  the  real  minimum  of  the  fulphurels  of  iron,  fixed 
by  the  invariable  law  of  proponions,  (according  lo  Mr. 
Proud,]  at  59  or  60  uf  fulphur  and  100  of  iron,  the  former 
being  [aj  I  have  already  obfcrved)  in  the  proportion  of  37.50 

5,  and  laftly.  Tiiat  when  this  fulphurel  ii  a^in  mixed  and 
diHilled  with  fulphur,  (due  aUeniion  being  paid  lo  Ihe  degree 
of  heat,)  the  produ£l  is  found  to  have  aiTumed  moU  of  the 
chemical  and  external  prnperliei  of  the  natural  common  pyrites, 
denfiiy  alone  being  excepted. 

The  application  of  the  above  nbrcrvationi,  to  Ihe  principal  The 
fabjeS  of  the  prefenl  paper,  is  fufficienlly  obvious;  for,  when  PJ'"*' '"'^ 
il  it  coDlidered,  that  the  magnelical  pyrites  is  fo  different  from  waHicni  » 
the  common  pyrites,  in  colour,  hardnefs,  folubility  in  fulphuric  ■"*'"« '^■'"■Ir 
add,  and  more  efpecially  in  muriatic  acid,  with  the  copious  ^  ^vi 

produdion  of  fulphurelted  hydrogen  ga!(  when,  by  aRaly6s, 
it  has  been  fi.und  lo  coniitt  of  3S  or  37  of  fulphur,  combined 
with  about  63  of  metallic  iron;  and,  when  the  artiliclal  ful> 
phurct  of  iron  which  has  betn  lately  defcrifaed,  is  proved  to 
agree  with  the  magnetica!  pyrtlei  in  the  nature  and  proportions 
of  its  component  ingredients,  and  in  every  one  of  Ihe  above- 
■lentioned  properties ;  it  it  evident  that  the  magnelical  pyrites 
ii  identically  the  fame  with  this  fulphuiet,  which  hithertn  has 
remained  undifcovered  in  naluro,  and  has  only  been  known 
■S3  produflof  our  laboraiorjet.  In  order  however  more  fully 
leblisfy  my  fell',  I  Epadoexperimeiiison  tlieartilicial  fulpliuret, 
wbicli  1  formed  with  fulf  bar  and  fine  iron  wir«. 
.-    :    .-;?  el -m  ^i;*.  -.:'i  .Tfe  r:  I-  l  T  v   _     ,.  |.   -LTW 


Tb«  wdfcul  Tliit  fubOiiacc  agreed,  in  all  ihe  pruperlict  which  have  been 

wthdie'iutu  il  ""'i^^'*'  *'"'  ""=  m^gnetieal  pjtMm  j  and  the  precipitalei  ob- 

vjjuticpjiiKi.  tainud  by  adding  prufliale  of  potalb.  and  ammonia,  to  ihe 

mutiatlc  and  lulphuric  fulutian*!  were  precifdy  fimilar.     The 

trpecific  gravity  wai  '^390,  wliilD  (a;  I  have  alivady  rcmatked) 
thai  of  tlie  magneltcal  pyritei  ii  4.>I8. 


fTo  be  ceacludcd.) 
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Anfaer  to  a  Later  of  C,  L.  uiik  olhtr  Rernarlit.  on  jke  Itiuga 
. /•irmrd  by  convex  Unjei.     In  a  LtUtT  from  Mr.^z%*.ii.i- 

To  M(.  NICHOLSON. 
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Rcmnlu  on  (he  t^-  L.  tii  his  letter  in  youf  Uft  Number,  reprefenl*  mj  filft 
UitcDofCL,  paper  as  defidwil  in  "  philofophica!  lorrednefs/'and  wanlitiif 
"  the  calm  fpirii  of  philofophy."  Bui  in  allempting  to  prove 
my  errors,  he  has  proved  nothing  but  hij  own  want  of  know, 
ledge;  and  to  Ihofe  who  wifli  ti>.  fee  an  example  of  C<  !..'» 
""  culm  Jptrit  nf  phihj'ophy,"  I  beg  leave  to  recoii)ta«nd  Ihe 
perufal  of  hit  Idler  in  Vol.  IX.  p.  835,  ol  thii  Journal.^ 
Tlicle  fliungc  allerlktns  ue  fallowed  by  anulher  flill  more 
Itratigc. 

i\a  fati,  "  /  xiilt  btg  Icatt  lowa*e  any  Hllenlion  to  (he 
l)il)i>ry  (jf  .Mr.  Walker's  expvrinieiils  apon  which  I  have  adk- 
madvent'J,  md  to  dmy  hu/u^s." 

ThinLing  that  I  did  not  underAand  his  meaning  correflly-,  I 
examined  ihe  lide-nole,  which  runs  ihus :  "  C.  L.  declines 
any  fuiilier  djfcuffion  relpefling  Mr.  Walkti's  expcrimeniJ 
with  lenCet,  but  doiita  tht  /aiti." 

As  there  is  nu  reafuning  with  a  man  whn  will  deny  fafl>, 
1  (hall  decline  exanining  the  remainder  ot  C.  L.'t  Jelter. 

Vour  other  anunymoui  correfpondenl,  who  has  denied  the 
truth  ol  my  experiment!,  will  be  more  eafily  anfweri'd. 

The  opinions  which  have  been  advanced  refpe^ing  the 
horizonlal  luminariei,  fincc  the  days  of  Flolomy,  who  wa^ 
born  about  the  year  70  ol  the  Chiidian  icra,  arc  fo  numeroai, 

that 


YMACBS   9OAIIK0   BY  eOifVBX  LStfSSS.  ^f 

Hi  At  il  ii  fcttrcdy  poffible  to  form  a  nei¥  one.    Thit  corre* 

fpondent  hat  picked  up  the  theory  of  Des  Carles,  which  was 

coDfiited  more  than  100  years  ago  by  Mr.  Molyneux.     Skc 

Philof.  Tranf.  abr.  Vol,  I.  p.  221 ;  or  Dr.  Hutlon's  Malhe- 

roattcal  Di6!ionary»  Vol.  II.  p.  74.     I  (hall  pafs  over  thisL 

writer's  optical  errors  by  ju(l  obferving,  that  he  has  been 

doing  nothir^  lefs  tlian  denying  ao  efiabli(hed  property  in  ., 

optics.  .    ,  . 

But  before  I  proceed^  it  may  be  convenient  to  thofe  who  Farther  remarlu 
are  not  in  poITefnon  of  your  two  Numbers  which  contain  *">  fo,!l|^*I^u^ 
former  papers  on  this  fubjedl,  to  know*  what  that  property 
in  optics  U,  which  has  met  with  fo  much  oppoiition. 

I  liave  proved  experimentally,  that  the  image  of  a  candle  iflertei  to  tvj 
in  the  focus  of  a  double  convex  lens,  decreafes  in  magnitude  JJJ*  ^  ■P*f* 
as  the  aperture  of  the  lens  is  contracted  *:  And  I  have  alfo 
advanced,  that  the  image  of  the  fun  or  moon,  in  the  focus 
of  the  objed-glafs  of  a  telefcope,   decreafes  with  its  aper- 
ture t* 

Now  it  is  well  known  to  tliofe  who  underlland  optics,  ThU  pofitiMi 
thatthis  properly,  the  truth  of  which  has  been  denied  fo  po*  J^^**^  "*" ^^'^ 
fitively,  was  difcovered  by  Sir  Ifaac  Newton :  and  a  demon- 
Itration  of  it  may  be  feen  in  the  Optics  of  Newton,  Emerfon, 
Smith,  and  Martin,   and  alfo  in  the  Encyclopaedia  Britan* 
nica,  &c.  .    ^ 

The  breadth  of  the  lead  circular  fpace  into  which  objeQ.  beanft  ht 


glalTes  of  telefcopes  can  collect  all  forts  of  parallel  ray<,  '*?1^*^^* 
about  the  27f  part  of  half  the  aperture  of  the  glafs,  or  55thoi  rayi*  - 

part  of  the  whole  aperture.*'    (Newton's  Opticis,  2d  Edit, 
p.  73).     Hence  it  is  evident,  that  if  yoa  contra^  the  breadth  Whence  it  it 
of  the  objea^lals  from  10  to  ],  the  breadth  of  the  circle  of  ff ****.****»  '^ . 
lights  in  its  focus,  will  be  contrafied  m  the  fame  proportlpn.  witl  vary. 

In  my  next  paper,  this  interefling  property  of  light  will 
be  further  explainer!, 

I  am.  Dear  Sir, 

Your  humble  fervant, 

EZ,  WALKER. 
Z^fffi,  March  16»  1805. 


•  Philofophicid  Jouma),  Vol.  IX,  p.  1^. 
t  Pbiloibphical  Journal,  Vol.  X.  p.  HO. 
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M  Ik  fiM  A^»^dbr/is  lie  Kv  12i.  .Ibii4  It  <k  J)^^^ 

.iNdirMeMiil  of  tiiefirftamAalkvoyifefiMdi  ILBiot 

nd  I  IumI  iIm  bowNir  to  fiilMiit  to  tho  loAitotib  <«>•  mnopiiced 

thftt,  from  the  rnrfaoe  of  tho  otttb  to  the  h^gkt  of  5977  notiw 

(lS024wd75  feet),  the  magnetie  power  did  not  enieiiouM  anj 

Cnfihle  diniBatioo;  end  at  the  leme  tine  we  figpiifiwi  m  deiie 

.    lo  anderteke  netr  efoents,  to  efcertam  thh  iaportmt  .€iA  it 

'  gMoter  hdgbttf    We  feon  ftond  that  t|^l  wet  aUb  the  nrilh  of 

nanj  neoibert  of^the  Intitate;  an4  enDeen^pd  hy  th*  fe« 

Beral  intercfi  which  our  fir  A  voyage  had  eKcited*  wA  raiblvcd 

on  aaUog  e  fecood  very  dioitly  s  bat  ear  aeroAil  not  baieg 

•capable  of  carrying  os  togethtt  to  a  greater  height  than  m  oar 

flrft  afeeot,  it  was  agreed  between  as  that  I  flnoU  go  akwe. 

•  ;  from  thu  oBOOient  all  oar  atleation  was  given  to  the  inflra- 

^mOntt  which  it  was  raquifite  fixr «e  tooarryi  aod  their  o8»> 

IreAioo,  which  was  again  entmilad  to  IL  Foftin«  ei  weD  et 

an  operation  which  the  balloon  underwent  to  give  it  more 

levity^  retarded  my  departure  till  the  29th  ofhift  Frudidor. 

ConirvAiiaof      InftruAed  by  the  experience  of  our- former  afcent»  we 

'""**•  made  foroe  changes  in  our  in Amroents ;  andp  in  the  firfl  place^ 

HdrtwBtrf         that  the  ofcillalions  of  the  horisootal  needle  might  be  lefi 

Beeaio.  afie^ed  by  the  rotation  of  the  balloon,  we  caufed  a  new  one 

to  be  conflrudedf  only  \5  centimetres  in  length,    Thni,  its 

orcillations  being  more  rapid  than  thofe  of  the  balloon,   it 

would  be  eafier  to  determine  their  duration. 

Dipping  oecdlc*      We  made  greater  modifications  in  the  dipping  needle.  That 

^  we  might  not  be  obliged;  at  each  obfervation,  to  replace  it 

in  the  magnetic  meridian,  and  to  adiufi  its  axis  truly  horisoo* 

tal,  we  fufpended  tlie  metallic  chape  which  fnpporls  it  by  a 

filken  thread;  and,  to  judge  of  its  inclination,  we  fixed  a 

portion  of  a  tranfparent  circle,  graduated  in  divifions,  to  the 

chape.     The  whole  apparatus  was  very  light,  the  tenfion  on 

the  dlk  thread  but  triflii^,.and  the  needle  coul^  refume  its 

«  From  AnnaUt  de  CMmie,  No.  154,    Pniaiddr,  An.  Xin. 
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Meridian  with  facility.  M.  Coulomb,  after  having  toocbed 
•the  ne^dlcf  proved  it  by  tbe  method  which  he  propoted  in  the 
Memoirs  of  the  Inftitute ;  and  he  found  that  it  gave  aa  incli- 
nation of  70.5^  of  the  commoo  fcaie.  In  one  of  its  pofitioai, 
which  was  that  in  which  it  wa^io  remain^. it  varied  51^. 

In  our  firft  afeent,  the  under  furface  of  the  glafs  which  Afimnth 
covered  our  aaimuth*compafs  was  covered  with  water»  arid^* 
We  were  prevented  from  feeing  the  (badow  of 'a  horieofllil 
-thready  which  ferved  us  for  a  flyie.    To  avoid  this  incomw-   * 
5nence,  it  was  fiifficient  lo  remove  the  glafs  of  the  compaft ; 
in  other  refpeds,  no  alteration  was  .made  in  its  flrft  difpofition. 
M.  Lepine  again  fupplted  us  with  two  fecond-watcbes^  ooe 
of  which  was  a  fiop-watcfa :  it  was  with  tbe  latter  thai  I  made 
all  my  obfervations. 

The  thermometer  I  uCsd,  was  the  centigrade  mercurial  Tl 
Iherniometer.  To  guard  it  from  the  adion  of  the  fun,  we 
placed  it  within  two  concentric  cylinders  of  padeboard  co. 
.^ered  with  gilt  paper,  one  of  which  was  about  four  centi- 
metres in  diameter,  and  the  other  fix.  Our  hygrometers  HygnneiBiib  ' 
with  four  hairs,  of  the  confirudion  of  M.  Richer,  were  dif- 
pofed  in  nearly  a  iimilar  manner.  The  two  glafs  balloons  in 
^hich  I  was  to  bring  the  air,,  were  exhaufted  to  nearly  a  milli- 
metre of  mercury,  and  we  were  fati»fied  by  leaving  them  in 
this  (late  for  eight  days,  that  they  perfe^ly  retained  the  va- 
cuum. For  fear  of  an  accident,  we  had  provided  a  third  bal* 
kx>n  of  brafs ;  but  vety  fortunately  it  was  ufelefs. 

Our  two  barometers  have  not  a  c^mflant  level;  and  to getBaramettiv 
the  true  barometric  heights,  we  formed  a  table  of  coroparifon, 
by  placing  them  under  the  receiver  of  tbe  pneumatic  ma* 
chine,  and  meafuring  their  depreffion  from  five  to  five  cen- 
timetres, by  means  of  a  (iandard,  the  referv^ir  of  which  has  a 
confiant  level,  and  whidi  is  provided  with  a  very  good  (bale. 
Being  no  longer  obliged  to  obferve  more  than  the  upper  level 
to  get  the  true  barometric  heights,  the  number  of  obferyations 
was  diminifiied  to  one  half ;  which  is  of  great  importance  iprbeo 
the  attei)tion  it  divided  between  peribnal  fafety  and  delifala  .  * 

experiments. 

Sueh  nearly  were  the  efiential  infirun^nts  I  took  with,  jne 
in  my  voyage*    1  ynu  alfo  provided  with  an  apparatus  foitht  appancw 
determining  the  etedricity  of  the  air ;  but  a  few  momentsafter  ^  "?^"r>PK 
I  quitted  the  earth,  I  lo^  Ite  Ulro  jne^Hid  #afe^  which  ^er^^he  air  miderBA 
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to  *tird&  the  eleAricity  al  50  and  at  tOO  in rlrvt below  »>«, 
and  I  could  not  make  any  ufc  of  it.     It  will  be  feeii  (hat  w«, 

Jhad  avoidnl  every  thing  which  could  bfltience  our  needli 
and  even  our  i^nclior,  although  fufpciidcd  50  metre)  b«li 
the  boal,  was  of  wood  armed  with  copper. 
This  is  nut  (he  place  lo  mention  the  precautions  which  M. 
Conid  had  taken,  thai  this  new  afcent  might  be  free  from 
<hnger;  but  it  ii  to  be  wiflicd  that  he  would  himfelf  publith 
what  a  long  and  enlightened  experience  has  taught  him  on 
ihitfubjefi.  For  ourfelves,  we  owe  him  a  great  iribulc  o£ 
graliiude  for  his  trouble  and  the  intercD  he  has  taken  in  out 
voyages;  nnd  we  are  bound  to  acknowledge,  that  if  they 
bave  been  To  Torlunale,  wu  are  indebted  fur  it  to  hit  provident 
I  cares. 

titftntn.  All  our  inflrumend  being  ready,  ray  departure  wai  tixed 

forlhe-aih  Fruflidor;   In  tafl,  on  that  day  I  afcended   from 

the  Confervalory  of  the  Arls  and  Manufaaures,  at  9'  40",  the 

barometer  being  at  TS.525  cen[ime(re!<,  the  hygrometer  at 

StiMof^'t'  37.3',  and  the  thermometer  al'i7.Tj°.     M.  Bouvard,  who 

iD(4^crcan     «  ^^^.,   nmleoiologiea!  oblervalions  daily  at   the  Obfenatofy 

bf  Paris,  judged  ihe  atmnCphere  to  be  greally  charged  wiib 

I  vapour,  but  without  clouds.      In  hQ,  I  had  fcarcely  rifen 

1000  metres  when  I  perceived  a  light  vapour  diffafed  through 

all  the  almofphere,  which  rendered  the  figlil  of  remote  obje& 

cotifufed. 

rirA  cip'nmcnt     Arrived  at  the  height  of  3032  metreii  (9029.S  F.),  I  be^K 

',o''"f'h'h'     """^•'^  llie  horijtonla!  needle  ofcillale,  and  this  lime  1  ob- 

tiionui  netdle.    laincd  20  ofcillations  in  83",  while  on  the  earth,  and  in  other 

refpeAs  in  the  fame  circum  Dai  ices,  it  required  84.33"  to  make 

the  lame  number*.     Althotigh  my  balloon  wat  affecled  with 

the  rotatory  motion  we  had  perceived  in  oor  firfl  experiment, 

^.  the  rapidity  of  the  motion  of  our  needle  permitted  me  to 

coanE  20,  30,  and  even  40  r.fcillations, 

IncliiuirtBof  At  the  height  of  3863  metre*  ( 12651. 3«5  F.),   I  found  ihft, 

iha  ottdit «  J    variation  of  my  needle,  taking  the  mean  of  the  amplii 

11651.365  fctt,  "f  ■'*  ofcillalionii  was  fcnfibty  31°,  as  on  the  earth.     It 

(bcM.nenon 

*  Allbough  I  hare  here  indicjlrd  hundrtdlh  parti  of  a  ftrrnd, 
lamawaiE  ihsl  I  cannotcbftrve  fuch  fmall  ffiaionsi  but  t  cb- 
tainnl  them  by  diviCons,  hincaufe  on  the  cutb  1  gmuiilly  made 
:30  efcillalioni,  which  required  I36.J". 
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paired  much  time  and  pallence  to  mike  (hit  obfervation  ;  b?- 
cau^fi  kll hough  borne  by  [hemafsor  tht-  almolpliere,  I  per- 
ceived a  fliglil  wind  which  conlinuall/  deranj^ed  llie  cimpaf', 
and  afler  H^eral  unfuccertful  attempE),  I  was  oblif^ed  tu  give 
up  making  new  onus.  Ncverlhelels  I  believe  tlie  obferva- 
tion  I  have  Hated  above  is  eniitlcd  to  lome  confidence. 

Snmc  lime  after  I  witbed  to  dbferve  the  dipping-needle;  ThioWuntriM 
but  behold  what  had  happened.     Tfae  drought,  lavoiireii  bjr  ^^d  „g^^ 
the  aflion  of  the  (un  in  a  rareded  air,  was  fuch,  ihal  ihe  com-  nui  uuii- 
pafs  was  To  much  warped  a^  lo  have  kmt  Ihc  mclallic  .ifclc  '"''"'  "^^ 
un  ^^'hich  the  diviCons  were  traced,  and  lo  be  iirejf  crooked,  ' 

The  motions  of  Ihe  needle  therefore  had  not  ihe  fame  Irec- 
dom;  but  independently  of  Ihii  dirappoiniment,  I  had  ob- 
Terved  (hat  it  wat  very  diHicuIt  (o  oblcrve  the  dip  of  the  needle 
with  this  apparatn*.  In  (hort,  when  I  placed  Ihe  compafi  Ciuftiof  ;ti  Jl. 
fo  as  (o  make  ihe  (hadow  of  (he  horizor;lal  ihreatf,  which  '***'' 
ferved  as  a  Hy\e,  coincide  wi(b  a  fixed  line,  the  mo(ion  I  had 
given  to  Ihecompafs  conniiiunicated  one  lo  the  needle,  and 
by  Ihe  lime  this  was  nearly  reHored  lo  reft,  (he  fhndow  of 
the  flyle  no  longer  coincided  wilh  the  fixed  line.  It  wa^  ne> 
celTary  lo  place  the  cvmpafs  again  in  a  horizDnta!  potJlion, 
and  during  the  lime  which  (hit  operation  required,  every 
thing  wa<  again  deranged.  Unwilling  lo  perfifl  in  making 
obfervatiom  on  which  I  could  place  no  reliancei  I  abandoned 
them  entirely ;  and  divcfted  of  every  other  care,  f  gave  all 
my  allenlion  lo  the  ol'cillalioni  of  the  horij-nnlal  needle.  I  Thi 
am  neverlhelefi  convinced,  by  the  knowledge  of  ihe  delefls 
of  our  compafii  thai  ii  is  poflible  lo  employ  one  more  foiiable, 
which  would  determine  the  dip  with  great  prcciliun.  In 
trying  lliis  experimenl)  I  lowered  the  olher  needle*  feparalely 
in  linen  bags,  lo  15  melrcs  below  the  boat. 

That  ihe  aggregate  of  all  Ihe  relulis  which  I  obtained  may  The  aggntitt 
be  more  eafily  feen,  I  have  collcflc-d  ihem  into  a  (able  which  fo^^'^'"^'^ 
is  at  (he  end  of  (his  memoir ;  and  ihcy  are  placed  (here  as  ubic. 
they  occurred  lo  me,  with  (lie  cofrelponding  indiraliiins  of 
the  barometer,  (hermoroeter,  and  hygrometer.  The  heights  Csknlitlon  rf 
have  been  calculated,  according  (o  the  formula  of  M.  Uplace,  J^  ^^^'^ 
by  M.  Gouilly,  engineer  of  bridges  and  highways,  who  has  t-mpiTeii  w3ih 
been  fo  kind  as  lo  Uke  ihis  (rouble.  The  barometer  ,,01  on='"><ht«utli! 
having  t-aried  fenfibly  on  (he  day  of  my  arcen(,  from  ten 
o'clock  lo  three,  lo  calculate  tha  difftirent  hcighii  at  which  1 
ma  da 
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.gnfifr  bj[  a0  miUJmitywmh^w  Jipt  which  k^A  bf ip  phfaryifi 
at  the  jMMM^  «f  my  dcp|iti|f«*   .Tbf  ht%blH..o<;»thB,  hir#. 
t^  ^'  ^     )  :  ;«lMi  j|i.it^ji|tiiiorphci%  b«v^  bwi  bn|Df!lit,|i^4Mi  wbich 

.        -i  -i  Jhe  o^fenmtioiy.jo{  ih^  ^vfo  b«ByMf»«^«ll  bmi  I«Im  fivr 
liad  my  '«SM*  JNt^,«^»<Wr'*<  AW  ^'iWkr  li.bM  bwn 

Simian     ^^  p!ace»ti*»t^iiWiP»#W  W»mW  «  'rww'ii:  ««iffe 
chiagB of  plac«  mmfiiwrf  h¥  tfw  ohHaEVAiiiiAi  havhis  faMA«JBfldft-  ShmImm 

«4w^W!Ahf  th^moaoUr«|o«BJUiMO«M«fi«k.:«lbicsh|^ 
•ivilb  efiBb  othtr  #:CfMMiiHiaUy  decwafipg  tmi^h  \  •.  Bora  rfg^ 

Differenoeor     Jar  law  will  be  found.    Thyt  the  temperature  on  the  terth 

fc!ilSk^t^^^  a7.75«,  and  8.5^  at  the  height  of  3691  metres,  if  the 

cree  of  tbe  dif-  difference  of  the  heights  is  divided  by  that  of  the  tempers- 

jtfcacc  of  tea^i  tuxti,  we  Ihall  at  once  obtain  191.7  metres  (627.8175  feet) 

of  elevation  for  each  degree  of  the  redudioo  of  the  tempera* 
ture.  By  performing  the  (ame  operation  for  the  temperatures 
5.23®  and  0.5 ^'t  as  well  as  for  thofe  of  0®  and  —9.5®,  we 
fhall  find,  in  both  cafes,  141.6  metres  (463.7 4>  feet)  of  ele- 
vation for  each  degree  of  the  redudion  of  the  temperature: 
which  feems  to  indicate  that  near  the  furfiure  of  the  earth  the 
heat  is  governed  bj  a  law  which  decfeafes  lefs  than  at  ao 
elevation  in  the  atmofphere,  and  that  at  length  it  follows  a 
decreafing  arithmetical  progreSon«  If  it  be  fappofed  that 
from  the  furface  of  the  earth,  where  the  thcrn^OBM;!^  was  at 
30,75 <"  ,to  the  height  of  6977  meUes  (22849.675  feet),  where 
it  had  fallen  to  —9.5®,  the  heat  had  diminiflMMl  as  tbe  ekva* 
tions  increaied,  an  elevation  of  J73.3  metres  (567.557  feet) 
will  correfpoud  to  each  d^ree  of  the  reduQion  of  tbe  lempe* 

faUire»  *..  ;    ^  .    ;     .^s.  *  .  • 

The 


>*    « 


.  Theconrfe  of  the  hygrometer  was  very  6iigolar..- At  thrUnftetdycouTiii 
furface  of  the  earth  it  was  only  at  57.5<>,  while  at  th^  ^'^'R^*  ^^.**^*^ 
of  3032  metres  it  marked  62®  :  from  this  point  it  was  contii* 
Dually  fallinf  to  the  height  of  5267  metres,  where  it  indicated 
no  more  than  27.5® ;  and  from  thence  to  the  height  of  6884 
metres,  it  rofe  gradually  to  34.5®.  If,  by  thefe  refultv,  it  if 
wifhed  to  determine  the  law  of  the  quantity  of  water  dif&Ived  '     '■  */ 

in  the  air  at  different  elevations,  it  is  olear  that  attention  *       '   ^ 

fduft  be  paid  to  the  temperature ;  and  on  joining  this  confider<»  t 

ation  with  it,  it  will  be  feen  that  it  folbws  an  extremely  de-  ' 

creafing  progrellion. 

If  now  the  magnetic  ofcillations  are  coniidered,  it  will  be  Mafnedc  o&lf^ 

obferved  that  the  time  for  ten  ofcillations,  made  at  differenl^'^^J'.^J*^- 

V         tot  Pttfhf* 

heights,  is  fometimes  above  and  fometimes  below  Ai,\6'\ 

which  they  require  upon  the  earth.    *By  taking  the  mean  of 

all  the  ofcillations  made  in  the  atmofphere,  ten  ofcillationt  ^ 

would  require  42.20'^  a  quantity  which  differs  very  little 

from  the  preceding ;  but  on  confidering  only  the  lafl  obfer* 

vations  which  were  made  at  the  greateft  heights  the  time 

for  ten  ofcillations  would  be  a  little  lefs  than  42. 1 6^,  which 

would  indicate,  on  the  contrary i  that  the  magnetic  power 

had  been  a  little  augmented.    Without  meaning  to  draw  any 

confequence  from  this  apparent  flight  increafe,  which  may 

very  probably  arife  from  the  errors  to  which  experiments  of 

this  defcription  are  liable,  I  conclude  that  the  total  of  thnTho  la^imjii  ., 

refuhs  I  now  offer,  confirms  and  extends  the  fad  which  M. PTJ^|f*J ^•«** 

Biot  and  myfelf  had  obferved,  and  which,  as  \vell  as  thetbe^,eateftde. 

nniverfal  gravitation,  proves  that  the  magnetic  power  does^^<»** 

not  experience  fenfible  variations  at  the  greateff  heights  to 

which  we  can  afcend. 

The  confequence  we  have  drawn  from  our  experiments.  Probable  oljec* 
will  appear  a  little  too  precipitate  to  thofe  who  recoiled  that*^®^^**"« 
we  were  unable  to  make  experiments  on  the  inelination  offuted* 
the  touched  needle.    But  if  it  be  obferved  that  the  power 
which  caufes  an  horizontal  needfo'fo  ofcillale,  is  neceffarily 
dependent  upon  the  intHifity  and  diredion  of  the  magnetic      '  *     ''  '  "^ 
power  itfelf,  and  that  it  is  reprefeMted  by  the  co-fine  of  the        ^  J^,  ^ 
angle  of  inclination  of  this  latter  ptArer,  they  cannot  Avoid  J>»< 

concluding  with  us,  that,  fince  the  horiaoittal  power  hasiM  -^  '*is«'>^'^ 
varied,  neither  can  the  teignetic  power  have  varied,  onleA  '^  9.^.  v^.,  - 
ihey  fuppofe  that  the  maj^nt tic  power  can  hUve  vtried  pre- 

cifely 
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cifdf  in  oppnfilion  to,  and  in  ihc  firae  proporlion  en  tfi^l 


fine  of  lU  inclin: 


,  wliich   i 


byn 


c  probabV. 


Height! « 
wb<cb  iht  ik 
wu  Dktn  for 


icrioieni, 
!bcr  ve^L 


fupport  of  our  con clu lion  we  have,  belides 
on  ih«  inclination  made  at  tlic  lieight  of  3863  meitei 
(12651.323  feel).  whidi  proves  thai,  at  lliat  elevsiion,  i)ie 
varialitin  did  not  vary  in  a  rpofible  manner. 

When  It  Ihe  height  of  45 1 1  metre*,  I  prefentcd  to  «  fmali 
lourhed  needle,  and  in  the  dircdion  o(  tlie  magnetic  power, 
the  Ibwer  extremity  of  a  key  ;  the  needle  was  attracted,  and 
Bn«rwardi  repelled  by  the  other  exiremily  of  ihe  key,  wliich 
I  brought  down  parallel  to  \tMC.  The  (ame  expcrinient, 
repealed  at  6107  metres,  had  the  fame  ilTtie:  another  r  ~ 
evident  proof  of  ihe  adion  of  lerreAriat  magnetifu]. 

At  the  height  of  GJiGI    melfes  (21+67.273  feet),  I  t 

one    of  my    two    balloons   of  glafs;    and   at   6636   melrei" 

(217S3.9  feel),  I  Opened  the  i'econd :  the  air  entered  both 

with  a  hifling  noife.     Finally,  at  3"  1 1',  (he  aeroDal  being 

perfeflly  full,  and  having  only  15  kiloKrammc*  of  ballaft,  I 

GmtcR  tie"-    deiermined  In  defcend.     The  ihermometer  was  then  at  0.5" 

'*'"•  below  Ihe  temperature  of  melting   ice,  and  ihe  barometer  at 

a2.S8  cenlrmcires;    which  gives  for  my  grcatcft  elevalinii 

above    Pari",    6977.37    metres    (228.^0.3S7     feet),    or  T0I6 

nielre<  (22977.4  feel)  aliove  the  level  of  the  fea. 

Effecl>nn(he  Alllioiigh  Well  clollied  I  began  to  feel  the  culd,  particularly 

^■^^^1'  in  my  hand*,  which  I  wa«  obliged  to  keep  expoled  to  Ihe  air. 

My  refpiration  wa»  fenCbly  obftrucled  ;  but  I  was  far  frciro 

feeling  any  Fnconvaiieiice  fuScient  lo  induce  rne  to  defcend. 

My  pulfe  and  my  refpiration  were  greatly  accelerated  ;  hence 

from  refpiring  very  frequently  irj  a  very  dry  air,  1  could  not 

be  furprifed  at  my  throat  being  To  dry,  that  it  was  with  dilH- 

culiy  I  fwallowed  bread.     Belbre  felling  out  1  had  a  Qi^ht 

hcad-ach,  ariling  from  ihe  fatigues  of  the  preceding  day  stni 

the  want  of  rcll  in  the  night)  and  I  retained  it  all  the  dav. 


4uti«g 


without  perceiving  that  it  wai  ii 
inconveniences  I  experienced. 
A  phenomenon  which  ftruck  n 


■afod.     Thefe  are  all  the 


«  I  very      A  phenomenon  which  Hi  uck  me  at  ihii  great  height,  wai 

dillance  which  appeared 

infiderable.     During  our  firft  afccnl  ilie 

TktifcaiKiBt    cloudii  did  not  nfe  above   1169  metres  (3623.475   feet),  and 

fo,'*'"  0  T'      •'w"'  "'•'  ^y  ""*  '"  ■'*  g'ealefi  purity.     It*  colour  at  the 

zenith  was  fo  inlenlc,  Ifaat  it  m-ght  be  ccn>|iared  with  that  o^ 

Pru,T!an 
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Pruflian  blue ;  but  in  the  lad  voyage  which  I  mcide  I  Taw  no 

clouds  below  me ;  the  (ky  was  very  vaporous,  and  its  colour 

generally  dull.     It  U  perhaps  not  ufelefs  to  obferve*  that  on  9b«diMi  of  dM 

the  day  of  our  fird  afceot  the  wind  was  nor th*nortb- weft,  and^^^ 

on  tlie  laft,  fouth-eaih 

As  Toon  as  J  perceived  that  I  began  to  defcend,  I  thought  X>c£bc^ 
only  of  moderating  the  defcent  of  Che  bailoon»  and  of  render* 
ing  it  extremely  flow.  At  3*^  45'  my  anchor  touched  the 
ground  and  held,  which  gives  3 V  for  the  time  of  my  defcent. 
The  inhabitants  of  a  fmall  hamlet  in  the  vicinity  foon  ran  lo 
the  fpott  and  while  Ibme  brought  the  balloon  towards  them 
by  drawing  the  rope  of  the  anchor,  others,  placed  under  the 
boat,  waited  impatiently  till  they  could  reach  it  with  their 
hands,  to  catch  and  depofit  it  upon  the  earth.  My  defcent 
was  therefore^effe^led  without  the. flighted  (hock  or  the  leaft 
accident,  and  I  do  not  believe  that  a  more  fortunate  one  is 
poffible.  The  fmall  hamlet  beflde  which  I  detbended^  is 
called  Saint-Gourgon ;  it  is  fituated  fix  leagues  nortb-weft 
from  Rouen* 

On  my  arrival  at  Paris,  my  firft  care  was  to  analyze  the  air  Anftlyfitsf  th». 
I  had  brought.  All  the  experiments  were  made  at  the  Poly«  J|I[^^^^ *^** 
lecbnic  School,  under  the  eyes  of  MM.  Thenard  and  Grefl«t» 
and  I  truiled  as  mnch  to  their  judgment  as  to  my  own.  We 
noticed  the  divifions  of  the  eudiometer  alternately,  and  with- 
out communication,  and  it  was  only  when  we  were  perfe&ly. 
agreed  that  we  wrote  them  down.  The  balloon  which  was 
(illed  with  air  at  ei^%Q.S  metres  (21735.537  feet),  was  open- 
ed under  water,  and  we  all  judged  that  it  had  at  leaA  filled 
the  h^If  of  its  capacity ;  which  proves  that  the  balloon  had 
retained  the  vacuum  very  welli  and  that  no  foreign  air  had 
entered  it.  We  purpofed  to  have  weighed  the  quantity  of 
water  entered  into  the  balloon,  to  compare  it  with  its  capa* 
city ;  but  not  having  the  neceflary  inftruments  at  hand,  and 
<)ur  impatience  to  know  the  nature  of  the  air  it  contained 
being  very  great,  we  did  not  make  that  experiment.  At  firft 
we  ufed  Volta's  eudiometer,  and  we  analyze  it  coropara*  * 

tively.  with  atmofpheric  air  taken  in  the  middle  of  the  court* 
yard  of  the  Polytechnic  School.  The  following  is  the  com- 
parative analyfis  of  thefe  two  airs. 
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Air, 
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AMo^lNfledlr  At  the  fimM'time  one  metfure  of  Tery  pttra*os%iMi  fii 
vadairtikMtt  mpired  IT.M  Morfiim  of  Mdrogen  gM;  nid tbb rafUt  dM^ 
fering  only  .01  from  that  obteined  in  esperiuMfilt  mate  on  ft 
irery  bigo  fesle,  and  whb  great  care,  in  tbo  eompoAtioB  of 
water,  it  it  eridc^  that  gfMt  eoafidenee  laay  be  placed  ift 
ear  refoltt.  They  prove  therefiire  that  almoTpfceriC  air,  and 
air  taken  at  an  elevation  of  66%6,5  roetret,  are  identically  the 
fame,  and  that  each  of  them  contains  .2149  of  oxigen.  On 
analyzing  the  latter  air  by  hydro-fulphuret  of  potalh,  we 
found  in  it  .2163  of  oxigen.  I  cannot  give  the  refalt  of^the 
comparative  experiment  made  on  atmofpheric  air,  becaofe 
we  were  unable  to  colled  it ;  but  the  proportion  of  oxigen 
which  I  have  hidicated,  is  alfo  a  little  greater  than  that  given 
by  the  corobuftion  of  hidrogen  gas,  and  is  comprized  within 
the  limits  of  the  variations  found  in  the  coropofition  of  the 
atmofphere  at  the  furface  of  the  earth,  and  which  do  not  pr^ 
vent  it  from  being  confidered  as  condant. 
This  fad  prated  The  identity  of  the  analyfes  of  the  two  airs  made  by 
)LI^  "P****  hidrogen  gas  proves  diredly,  that  that  i/ihich  I  brought  did 
not  contain  ttie  hitter  gas ;  neverthelefs  I  alfo  fatisfied  myfelf 
of  it,  by  burning  with  the  two  airs  only  a  quantity  of  hidn^ 
gen  gas  leis  than  wonld  have  been  requiGte  to  abforb  all 
the  oxigen  gas;  for  I  found  that  the  refidues  of  the  com* 
1)u(lion  of  the  two  airs  with  the  hidrogen  gas  were  exadly 
the  bme. 
..^,  r..  Saoffiire 
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Sauflure  junior  alfo  found,  by  ufing  nitrous  gas,  that  air  Hie  compofitios 
taken  in  ihc  Col-du-Geaat  contained,  within  one  hundredth  ?  u^^'"^— 
part,  as  much  oxigen  as  that  of  the  plain;   and  his  father wfaere the  ~ 


afcertained  the  prefence  of  carbonic  acid  on  the  furomit  of 
Monl-BIanc :  Moreover,  the  experiments  of  MM.  Cavendifli, 
Macarty,  Berthollet,  and  Davj,  have  conArnfied  the  identity 
of  the  compoiltion  of  the  atmofphere  over  all  the  furface  of 
the  earth.  It  ipay  therefore  be  concluded  generally,  that 
the  conftitution  of  the  atmofphere  is  the  fame  from  the  fur- 
face  of  the  earth  to  the  greatefl  heights  to  which  we  can 
afcend,  ^ 

Thefe  are  the  two  principal  ffcfults  which  I  obtained  from  Kecipiciikiiib 
my  larft  voyage.     I  have  afcertained  the  fa^  which  had  been  ""^^ 

obferved  by  M.  Biot  and  me,  on  the  fenfible  permanence  of 
the  intend ty  of  the  magnetic  power  at  a  diflance  from  the 
furface  of  the  earth  ;  and  befides,  I  think  I  have  proved  that 
the  proportions  of  oxigen  and  azote  which  conftitote  the  at* 
inofphere,  do  not  vary  fenfibly  in  the  mofl  extended  limits. 
Many  things  dill  remain  to  be  elucidated  in  the  atmofphere, 
and  we  hope  the  fa^  we  have  already  colleded  will  fo  far 
intered  the  Infiitute  as  to  iadooe  them  to  defire  us  (o  continue 
our  experimenU. 
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MOTION    OP   THE   (Ar.  SS9 


Xllt. 

ixperimenta  and  Ohfirvatiom  on  the  Motion  of  the  Sap  in  Trees, 
Jn  a  Letter  from  Thomas  Andrew  Knight^  Efq*  to  the 
Right  Hon,  Sir  Joseph  Banks,  Bart,  K,B.  P,  R,S, 
From  the  Philojbphical  Tranfa^tioru  for  1  SOU 

Mt  dear  Sir> 

1 N  Ihe  Obfervations  on  the  Defcent  of  the  Sap  in  Trees,  which  ^'J*"™*^*, 

I  laft  year  took  the  liberty  to  reqaeft  yoa  to  lay  before  the^  ^^  ^^  motton  of 

Royal  Society,  I  ofTered  a  conjedure,  that  the  veflels  of  the  the  (iip  in  trees. 

bark,  which  pafs  from  the  leaves  to  the  extremities  of  the  root% 

were,  in  their  organization,  l>etter  calculated  to  carry  the  fluids 

they  contain  towards  the  roots  than  in  the  oppofite  diredion, 

I  had  not,  however,  at  that  time,  any  experiment  direAly  to 

fupport  this  fuppofilion ;  but  I  thought  the  forms  generally  af* 

fumed  by  trees  in  their  growth,  evinced  (he  compound  and  con^^ 

tending  adions  of  gravitation,  and  of  an  intrinfic  power  in  the 

Veflfels  of  the  bark»  to  give  motion  to  the  fluid  palfing  through 

them.     In  the  account  of  the  experiments  which  I  have  now 

the  honour  to  addrefs  to  you,  I  trud  I  (hall  be  able  to  adduce 

Tome  intereOing  fadlx,  in  fupport  of  that  inference. 

Having  feledled,  in  the  fpring  of  \S02,  four  flrong^ (hoots  of 
the  vine,  growing  along  the  horizontal  trellis  of  my  vinery,  1 
deprefled  a  part  of  each  (hoot,  whild  it  was  foft  and  fucculent, 
about  three  inches  deep,  into  the  mould  of  a  pot  placed  beneath 
it  for  that  purpofe ;  but  without  making  any  wound,  or  incifion, 
in  the  young  (hoots  thus  employed  as  layers. 

In  this  polition  (hey  remained  during  the  fucceeding  fammeri 
and,  in  the  autumni  had  nearly  filled  the  pots,  which  were  ten 
inches  in  diameter,  with  their  rootS4  As  foon  as  the  leaves  had 
fallen,  the  layers  were  difengaged  from  the  parent  ftocks  |  and 
about  five  inches  of  wood,  containing  one  bud,  were  left,  both  tt 
the  proper  and  the  inverted  end  of  each  layer.  Every  bud  was 
alfo,  by  previous  management!  made  to  Aand  at  an  equal  diftance 
from  the  mould  in  the  pots,  and  with  an  equal  elevation,  of 
about  thirty-fix  degrees.  About  one  inch  of  wood  was  like* 
wife  left  at  each  end  of  every  layer  beyond  the  bodi. 

Vol.  X.— Apbil,  1805.  U  Ifi 


Eap«rimenti  In  (be  fucceedin);  r|)riiig,  iha  buds  vegelalect  Ofongly,  both 

the  bp  in  ticcu  experimenU  of  Hales  ami  do  Haniel  had  t;iveii  mc  realbii  lo 

expedi   and,  in  one  inlUnce,  itie  bud  at  llie  inverted  end    o( 

tlie  layer  grew  with  greater  vigour  than  lliat  al  iu  proper  eni 

^^^_  but  the  gtowili  of  Ihefe  budi  wu  Dot  Uit:  objcA  wbtch  I  hi 
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I  have  already  dated,  thai  nearly  an  inch  of  wood 
each  end  of  every  layer,  beyond  the  bud  ;  and,  to  ihit  wood,  at 
the  inverted  ends  oi  the  laytr^,  my  attention  wai  chiefly  dired- 
ed :  fur,  il'ihe  vefTels  of  (he  baik  polTelTed  llie  poweri  I  altribuled 
(o  thcro,  I  concluded  that  the  lap  wuuld  be  impelled  to  tbe  in* 
verted  end&  of  the  layers,  and  be  there  employed  in  the  prcv 
duflion  of  new  wood,  and  roots ;  and,  in  (his,  ray  expeclationt 
were  nr>t  difappointed.  At  the  proper  end  of  the  layers,  ibe 
wood  immediately  beyond  the  buds  became  dry  and  lifelcfs 
early  in  the  fucceedingfummer;  the  Dem"!  alfu,  between  the 
bud<i  and  the  mould  in  the  pots,  increaled  in  fize  as  ufual ;  and 
nothing  peculiar  occurred.  Bo',  at  the  inverted  end,  appear- 
ances viere  e\lremcly  different ;  new  wood  here  accumulated 
rapidly  beyond  the  buds,  and  numerotis  roots,  of  conliderable 
length,  were  emitted,  whilJl  no  fenfiblc  growth  look  place  far- 
iween  (hebafe  of  tbe  young  (hoois  and  the  mould  in  the  pot*. 

It  having  been  proved  by  Du  Hanid,  thai  inverted  partsof 
(rees  readily  emil  roots,  I  expe61ed  to  derive  further  informalion 
from  cutlings  of  this  kind  :  I  therefore  planted,  in  the  aulntnn 
of  1S02,  forty  cuttings  of  the  goofcbcrry-lree,  and  an  equal 
number  of  the  common  currant-tree ;  one  half  of  each  being 
inverted.  Of  the  former,  nol  one  of  the  inverted  cutlings  fuc- 
ceeded  ;  whereat  few  of  the  lalter  failed  ;  and  in  thele  I  bad  an 
opporlonily  oi  obferving  the  fame  accumulation  of  wood  above 
the  bafes  of  the  annual  (Iioot;;,  and  (he  fnine  mode  of  growth, 
in  every  rcfpefl,  as  in  the  inverted  vines;  except  that  no  roolt 
were  i-niiited  at  their  upper  ends.  The  fame  tiling  occurred, 
without  any  variation,  in  inverted  grafts  of  the  apple-tree. 

If  it  be  admitted,  according  to  the  theory  I  have  on  a  former 
occafion  laid  before  you,  that  ihe  fap  delcends  from  the  leave* 
through  the  veflels  of  the  bark,  and  thai  (uch  vefTdc  are,  in 
Iheir  organization,  belter  calculated  to  carry  iheir  contents  to- 
wards  Ihe  original  roots  than  inlhenppolitedireflion.  it  will  be 
extremely  ealy  to  explain  the  cauru^of  ihe  accumulation  of 
wood. 
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wood,  and  the  emilTinn  of  roots,  »bove.  inDnad  of  below,  Uie  Eipnimeau 
bafe  of  the  annual  (hooU.  The  velTelh  of  the  bark  (the  rm/nuu  ^^^J^il^t'IlJ 
propra  of  Du  Hamtl]  commencinjr  in  the  leavef^,  were  formerly  t\x  ttg  ia  trM*> 
traced  by  M.  Mariotle,  and  rubrequcnily  by  myfelf,  {being 
ignorant  of  his  difcovery,)  to  the  exiremities  of  ihe  roots ;  and, 
when  a  cutting  or  tree  U  planted  in  its  natural  pofilion,  the  fap 
palTes  downwnrds  ihrnugh  thefc,  lo  afford  matter  fur  new  roots, 
and  lo  incri-sfe  (he  bulk  of  ihofe  already  formed,  having  given 
proper  nutriment  lo  the  branches  and  trunk  in  its  defcent; 
Sill,  in  the  itiveiled  cutting,  or  tree,  ihefe  velTds  become  in- 
verted ;  and,  if  their  organization  be  fuch  as  I  have  fuppofed  II, 
a  confiilerable  part  of  that  fluid,  which  naturally  defcendi,  will 
be  carried  upward),  and  occalinn  Ihe  produftion  uf  new  wood, 
above,  inflead  of  l^low,  the  junftion  of  the  annualDiool  willi 
the  oMlt  wood,  as  in  the  experiments  I  have  defcribed.  Tba 
force  ofgravilalion  will,  hnwcver,  dill  befell;  and  bv  its  agency, 
fufScient  mailer  lo  form  new  rools  may  i>e  conveyed  lo  ihofo 
parts  of  the  inverted  cutting,  or  iree,  which  arebenealh  the  foil. 
Betides,  if  we  fuppufe  a  variation  lo  es'iR  in  the  powers  or 
organization  of  ihe  velfels  which  carry  (lie  fap  towards  the 
root,  we  may  alfu  attribute,  in  a  great  meafure,  to  this  caufe. 
thedifferenl  forms  which  diSereiil  rpecien  or  varieties  of  trees 
alTunie;  for,  if  the  fiuid  in  ihefe  velfels  be  impelled  with  much 
force  toward!  Ihe  rooti,  little  matter  will  probably  be  depofiled 
in  the  branches,  which,  in  confequence,  will  be  (lender  and 
feeble,  a<in  the  vine;  and  there  is  not  any  tree  that  has  been 
the  fubJeA  (if  my  experiments,  in  which  new  wood  accumulated 
To  rapidly  at  the  upper  end  of  inverted  plants.  To  an  excefs  of 
Ibis  power,  in  Ihe  velfeU  of  the  bark,  we  may  alfo  afcribe  ths 
peculiar  growth  of  what  are  called  weeping  tree;  j  for,  by  thli 
power,  the  effcfls  of  gravitation  wilt  be,  in  a  great  degree, 
fufpended;  and  the  pendant  bnnch  will  continue  healthy  and 
vigorous,  by  retaining  ill  due  circulation.  The  perpendicular 
branch  will,  however,  dill  polTefs  fomc  advantages;  for  in  this* 
gravitation  will  a6l  on  ihe  rtiiid  defeending  from  the  leavet; 
and  tfaefe  will  of  cnurfe  abforb  from  the  almofphere  with  in- 
creafed  afiiviiy.  A  greater  quaniily  of  matter  will  therefore 
eater,  withlnany  given  pnrlion  of  time,  into  vetfelt  of  the  fame 
capacity  ;  atid  this  increafed  qiinnlity  may  frequently  exceed 
that  which  Ihe  velfels  of  the  bark  are  immediately  prepaied  la 
carry  awav.  Much  new  wood  will  in  coDfcqitenci:  be  generated, 
Ua,  and 
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EiperuDcmi       and  tncreared  yigour  given;  and,  the  f«iw caufe»  operalltij 
tUMerrfioiu  through  ruccetlive  (earons,  will  give  ihe  alcendancy  we  gen 
tkt  ftp  in  vtn.    fal'y  oblerve  in  ihc  perpendicular  branch. 

In  the  preceding  esperimeuts,  none  of  llie  layer*,  orcultinri 
exceeded  a  Fevw  inches  in  lenglh  ;  and,  to  the  fuminil  of  ti 
the  lap  appeared  to  rife,  through  the  inverted  tube>  nf  the  wo( 
nearly  as  well  a}  in  ihofe  which  relaineil  iheir  natural   polills 
ButTtime  (urmer  experiments  had  induced  me  1i>  (utp€&, 
thii  would  not  be  Ihe  cafe  in  lunger  cuttings ;  I  therefore  plant 
in  Ihe  autumn  of  i  802,  twelve  cutting*  of  the  fwaltow,  fSc 
cuprca,)  inierlingonohatf  of  them.  The  whole  readily  emi« 
Toots,  and  ^ri-w  with  luxuriance;  but  their  modei  of  gro 
were  extremely  different.     In  Ihe  culijngt  which  flood  it 
natural  polition,  vegetalion  proceeded  with  moll  vigour 
pointj  moll  elevated;  but  in  the  inverted  culling*,  it  grew 
and  more  languid  a(  il  became  didant  from  the  ground,  and 
nearly  ceafed.  lowarLls  the  conciolran  of  Ihc  lummer,  at  the 
height  of  four  feel.    The  new  wnod  allb,  which  was  generala^^ 
by  ihefe  inverted  cultings,  accumulated  above  the  bafetofdlH 
annual  lhuot«,  a.'  in  ihc  preceding  inilancc*.  ^^| 

Tiicfc  fads  appear  to  prove,  thai  the  vetTeln  of  planti  are  H^ff 
equally  well  calculated  to  carry  their  eonlenis  in  oppo&te  di- 
teflions ;  and,  1  think,  afford  fome  ground*  to  fufpe^  that  the 
vetTelB  of  the  bark,    like  thofe  which  cunUitute  the  vtmoot 
lytlem  of  animals  (to  which  they  are  in  many  refpeSs  Bo^jfl 
goiu.)  may  be  provided  with  valves,  whofe extreme  minulci^^l 
bai  concealed  them  from  obfervation.  ^^| 

The  experiments;  and  Hill  more  the  plalc*.  of  Halen,  have 
induced  naturalills  to  draw  conclufions  in  direfl  oppoCiJon  to 
Ibe  preceding.  But  the  Plate*  of  ihat  greal  naturalifl  are  not 
alwayi  taken  correflly  ti-om  nature  j  •  and  Plate*,  under  fuch 
citcumliance*.  however  fair  and  candid  the  inienlioni  nf  an 
author  may  be,  will  too  often  be  Awnd  fomewhal  belter  calcu- 
lated to  fupport  his  own  hypoiheli",  than  to  elucidate  the  ^£li 
be  intends  to  ftalc. 

The  preceding  peculiarities  in  ihegrowih  of  ini-ertedcultlrgs, 
appear  to  have  efcaped  the  obfer vaKon  of  Du  Hamel ;  and,  as 
¥cfy  few  indancet  of  error,  or  want  of  accurate  obfervation, 

•  The  eleventh  Plate  (Vegetable  Slaiicks)  it  Uim  to  which,  il 
this  placej  I  particularly  allude. 
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i^ill  ever  be  found  in  the  works  of  that  excellent  naturalift»  I  Experimenti 
fiiuft  requeft  permKTion  to  fend  you  forae  of  the  fubje^s  of  ray  *    {I^^^SmoJ 
experiments,  as  vouchers  for  my  own  accuracy.  the  Dip  intrect^ 

Of  the  inverted  cuttings  employed  by  Du  Hamel^  a  fmall 
portion  only  appear^t  to  have  remained  above  the  ground ;  and 
under  fuch  circumflances^  the  different  forms  of  tbofe  growing 
in  their  natural,  or  inverted,  pofition  would  be  fcarcely  ob- 
fervable.  It  appears  alfo,  from  his  experiments,  thai  fuch  in« 
verted  cuttings,  in  fubfequent  years,  grow  v^ith  as  much  vigour 
as  others  that  are  not  inverted;  whence  we  mull  conclude,  that 
the  organization  of  the  internal  bark  becomes  again  inverted^ 
and  adapted  to  the  pofition  of  the  branch.  The  growth  of  fome 
inverted  plants  of  the  goofeberry-tree,  which  I  obtained,  many 
years  ago,  from  layers,  gave  me  reafon  id  draw  a  difierent  conr 
clufion ;  for  thefe  always  continued  weak  and  dwarfifh.  I  do 
not,  however,  entertain  the  flighted  degree  of  doubt,  but  that 
^e  aHTertion  of  Da  Hamel  is  perfectly  correal. 

I  intended  to  have  added  fome  obfervatlons  on  the  repro- 
dudion  of  buds  and  roots  of  trees;  but  thefe  would  necellarily 
extend  the  prefent  Paper  to  an  immoderate  length ;  I  (hail 
therefore  referve  them  for  a  future  communication,  and  con* 
elude  with  an  account  of  an  experiment  which  more  properly  / 

belongs  to  the  Paper  I  had  the  honour  to  addrefs  to  you  lad 
year,  but  which  had  not  then  fucceeded. 

I  have  dated,  in  that  Paper,  that  the  leafrdalk,  the  fruit- 
(lalk,  and  the  tendril,  of  the  vine,  had  been  fuccefsfully  fubdi- 
tuted,  in  many  indances,  for  each  other;  but  that  I  had  failed 
in  my  elTorts  to  engraft  a  bunch  of  grapes,  by  approach,  on  the 
leaf-ftalk  ;  owing,  I  concei^'cd,  to  the  operation  having  been 
improperly  performed.  In  thofe  experiments,  I  cut  the  leaf-dalk 
in!o  the  form  of  a  weJge,  and  made  an  incifion  in  the  fruit- 
dalk,  adapted  to  receive  it ;  but,  under  fuch  circumdances,  the 
leaf-datk  (as  I  had  proved  by  many  experiments)  has  no  power 
to  generate  new  matter;  and  the  wounds  of  the  fruit-dalk  heal 
fo  flowly,  that  I  readil)  anticipated  the  ill-fuccefs  of  the  opera* 
lion.  In  the  lad  fpring,  I  pared  otf  limilar  portions  of  the  leaf* 
dalk  and  fruit-dalk;  and,  bringing  the  wounded  parts  into 
conta6t,  I  fecured  them  ciofely  together,  by  means  of  a  bandage, 
letting  the  leaf  remain.  Under  thefe  circumdances,  an  union 
look  pbce ;  and  the  fruit-Halk  being  then  taken  ofl*  below  the 
point  of  jundioni  and  the  leaf-dalk  above  it,  tlie  grapes  drew 

their 
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iWr  iHbote  notrinent  throdgh  tht  MBwiaing  put  «f  the  knfb 
IJI^flalk.  Tbejr  did  nol,  howev*^,  aoioire  ihdr  fall  fiaet  and  As 
feeds  were  fiBell,  end|  I  think,  iiicftpeb|e«f  v«|{«C«tiiif  f  bqt 
fUt  lettribiite  to  the  waotof  trntrimeiit  in  qMiititfimtfaerth«i 
in  qeeUtj;  hr  thd  enioii  of  the  vefleb  of  the  leetfidk  vrith 
thofe  of  the  froit-flalk  wet  «efy  imperfefi.  The  gnpeif,  which 
were  the  porple  Froatigiitec«  poflefled  their  miiiky  flenwr»  n 
the  bme  degree  with  othen  growing  oo  the  feme  phst. 

There  it  enothcnr  experiaMot  in  mj  left  Fepert  which  I  will 
•Ub  notice  here,  becufe  it  appcers  to  lead  to  fone  important 
condufioos,  and  had  been  tried  onlj  m  a  fingle  inftanoe.  I 
lfav«  there  ifaUed,  that  the  ftem  of  a  yoong  tree  became  ollipti- 
cal,  by  being  confined  to  move  only  in  the  ftsgment  of  a  large 
circle.  Thti  experhnent  was  fiieoefifiiliy  repeated  daring  the 
left  year^  on  other  treet;  but  I  have  nothing  to  add  to  the  dc^ 
icription  which  I  have  already  given.  ^ 

I  am«  tic 

T.  A.  KNIGHT. 
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Extra&  qf  a  Memoir  qf  Mr.  Erman^  entitled,  Objkrtaiimit 
and  Douba  concerning  Aimojpheric  Ele&ricity  *• 

JVLR.  ERMAN  who  is  already  fo  advanfageoufly  known  (o 
philofophers  has  pablifhed  towards  (he  end  of  laft  year,  a 
raennoir  which  appears  to  deferv^  (heir  a(ten(ion  in  an  un* 
common  degree. 

When  he  made  experimen(s  upon  (he  elc^ricity  of  the  a(- 

mofphere^  be  obferved  a  great  difference  between  the  refult 

prefen(ed  by  an  e]eflrome(cr  armed  with  a  condudor  which 

was  fuddenly  raifed  from  (he  ear(h,  according  (o  (he  known 

method,  and  that  ofa  metallic  rod  of  much  greater  length  which 

was  infulated  and  fixed. 

The    eledrometer    he    ufed   was    (hat    diflinguiflied    in 

tha  ekdiMDetsr.  Q^^^^ny  by  the  name  of  (he  elearoroeter  of  Weifs.     The 

length  of  i(s  leaves  of  gold  is  half  an  inph,  and  (he  diameter 

of  the  glafs  tube  which  enclofes  (hem  is  (hree  quar(er9  of  an 


Sifasofirmol^ 

pheHc  ekdVri* 
city  differ  ac« 
conling  totha 
hiftrujiisot. 


Dtfbripdon  of 
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Jjicb  in  dtanaeter,  the  height  being  an  inch  ami  a  half.  Its 
cover  of  ivory  does  not  proje^  above  the  glaTiy  and  is  per^* 
forated  in  the  middle  with  a  hole  in  which  a  fmaller  glaOi  tube 
is  fixed^  and  through  this  Uii  tube  jMUTes  the  metallic  rod  that  ' 

ferves  to  fufpend  the  gold  leaves,  and  is  upon  the  whole  ^we 
feet  in  length,  being  coropofed  with  feveral  pieces  fcrewed 
together,  in  order  that  they  may  be  more  eaftly  conveyed 
from  place  to  place  by  feparating  them.  A  divergence  of 
three  lines  in  thefe  leaves  anfwers  to  two  lines  in  the  elec- 
Irometer  of  Volta ;  and  that  degree  of  eledricity  which  would 
produce  a  divergence  of  two  lines  and  a  half  in  this  laft^ 
caufes  the  leaves  of  Mr.  Weifs  to  touch  the  fides  of  the  gtafs 
cylinder. 

Mr.  Erman  walked  in    the    fields  with  his  eledlrometer^  When  ruled 
having  its  rod  confined  to  the  length  of  Upree  feet.     When  be  i"J^"'^i}^, 
fuddenly  raifed  it  from   the  ground^    he  obferved  a  iirong . 
divergence  of  plus  eledlricity.     When  he  lowered  it  with 
the  fame  fwiftnefs,  he  perceived  an  equal  great  divergence 
of  minus.    The  point  of  a  fixed  metallic  rod  of  much  greater 
length,  ere^ed  at  the  fame  fpot,  did  not  give  the  lead  indica- 
tion of  eledlricity. 

An  eledlrometer  placed  on  a  pod  of  three  feet  in  length,  UiUmlyrmkAlt 
produced  no  divergence;  and,  when  it  was  afterwards  flowly  ^^^^jl*^^***** 
raifed  one  foot,  or  a  foot  and  a  half,  it  likewife  afforded  no  fuddenly  de« 
fign ;  but  when  it  was  very  quickly  brought  down  to  the  poft,  P«;^«<^itdi»«fss 
it  exhibited  minus  eledricity  to  fuch  a  degree,  that  the  gold 
leaf  touched  the  fides  of  the  glafs.    This  charge  wa$  gradually 
difperfed  in  the  air,  or  by  touching  the  eledrometer  with  the 
hand  *  ;  but  by  raifing  the  infirument  with  equal  fpeed  above 
the  poft,  a  divergence  of  plui  eleflricity  of  the  fame  flrenglb 
was  afforded  which  was  deftroyed  in  the  fame  manner* 

The  more  infulating  the  air  the  lefs  it  is  necefiary  to  raife  Coadudi^     - 
the  eledrometer  in  order  to  produce  this  eflfed;  but  the  longer  power  of  the  «jf 
the  point,  the  more  flrikingly  will  the  effsA  be  (hewn,  even^u^^ 
in  damp  weather.     A  circular  motion  at  a  confiant  difiance 
above  the  earth  does  not  exhibit  any  eledlricity,  neither  does 
a  progrefiive  motion  upon  level  ground  a0brd  any  change ; 

*  From  this  h&  it  appears,  that  the  electrometer  had  not  any 
flips  of  metal  within  the  tube  lij^e  tbofe  of  Bennet,  who  firft  ufed 
gold  leaves.    N. 

bat 
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^g^  AtllMHMlttO  BtBCTIttCirt; 

■lit  WMA  Am  ffiktfdtiA  rifin  dren  iDfimfiblyi  Um  phoMMDCiiofi 

•k  obfervadi  snri  it  tt  ralher  nttmoK^kernxj,  Cbal  il  even  mflbrdi 

a  BflMM  of  irfberuioing  the  le#el. 

THMontartlit    To  vary  tha  eaperim«nl»  tbe  eMhomaler  may  be  phced 

ap-fiiMab       ,p^  ^  1^^  fepport,  and  tooched  with  an  mfalaled  ftidL  or 

wirewliieh4!at  been  quickly  ttornd  tovmrdt '  tbe  groond^  and 

li  aAemanlt  vailbd  with  the  ftme  qnickncft.     The  deo 

IrotneieFhi  <he  fir  ft  cafeexhibitojrfaffeleAricily,  and  in  the 

fecondmniKt. 

f  It  11  very  remarkable^  that  the  mSmti  dcfiridty  paflet 
tkraogh  Zero  before  it  changes  into  p/ar^  tnd  vice  verfit,  ms 
oerdif^ly  as  the  inftrnment  in  raifed  or  lowered  even  when 
there  it  no  interval  between  tbe  two  motions;  bat  the  diver- 
gence wiH  be  more  vifible^  if  time  be  allowed  ftr  the  eke* 
trometerio  difchtrga  itielf  between  the  two  experimenli. 
tsttiTaiiUdUcr*'  Saaflare  fermerly  obferved  the  eflenlial  reqaifitet  in  this 
^i>iM8«  phanotoenon^  but  hit  eleSromeVMr  wet  not  fe  fenfible,  and 

he  eapliined  tbe  pbenomenbn  bjr  fuppofing  that  the  dec* 
Iffomeler  was  the  moft  tnfalated^  and  the  fixed  rod  not  faf« 
ficienlly  fo  to  iadlcale  fach  flight.degrees  of  dcflricity. 
TbtdeftTOBeCtr     Mr.  Erman  has  afcerlained,    that   the  phenomenon  mail 
Ipattacae^ly  be  attriboted  to  the  manner  in  which  tbe  eledricity  it  diftrrbet- 
^  atmotpherc*  ^  '^  bodies.     The  mafs  of  ihe  ground  exerts  its  influence 
bot^mply  by  thevery  fenfibly  to  a  certain  dlHance,  and  the  elfdlric  alroofpheres 
nrtb  which  •••  *^  "P""  ^^^^  Other  wilhouL  any  intervention  of  tbe  air.     The 
peart  to  poflefs    infulated  metallic  rod  which  we  raife  from  the  ground  by 
the  t^ui  ftate.   |,^|(j|ng  jj  perpendicularly,  undergoes  no  other  change  than 
is  owing  to  its  own  proper  etc6tricity,  which  is  then  lefs  con?- 
penfflted  by  the  influence  of  the  ground.     Whether  the  elec- 
trometer or  the   plate  of  an  electrophorus  be  flowly  raifed, 
the  eledricity  becomes  communicated  to  the  furrounding  air^ 
The  lennhiMtM  and  is  not  manifE^Hed.     A  ball  placed  on  the  point  of  the  rod 
of  the  condvQor  f)f  ^i,^  eledrometer  does  not  al  all  change  the  divergence  of 
enc'ofed  in  gljfc»  ^^^  leaves ;  and  even  when  the  conducing  rod  of  the  elec 
makes  no  dif-     trometer  is  enclofed  in  a  tube  of  g!afs  not  open  at  the  top, 
iereoce.  ^^^  phenomena  are  the  fame,  and  the  divergencies  of  pirn 

and  minus  are  equally  feen  according  to  the  diredion  of  (he 
motion.  And  when  a  (econd  tube  is  put  over  the  firfi,  for 
the  purpofe  of  more  exadlly  preventing  the  conlad  of  the  air, 
the  refults  are  not  at  all  changed. 

3  Mr. 
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Mr.  Erraan  procured  a  tube  of  j^lai*  1 4  feet  long,  urt'lcli  he  A  fixed  red  mot 
fovered  with  varnifti,    and  through  which  he  introduced  ■iu  fituaikjnwkh 
inefallic  wire  which  paffed  above  the  upper  part,  and  had  regard  to  the 
the  eledrometer  adapted  to  its  lower  rxtreroity.      A  rnaall^^||~y^  - 
piece  of  amber  bein^r  rubbed  an(i  applied  to  the  upper  end ' 
of  the  wire,    produced  a  diverji^ence   in  ihe  leaves.     The 
efedricity  of  tiie  air  had  not,  however,  any  inHoence  on  this 
fixed,  and  very  nicely  infulaied  point ;  which  (hews^  that  the 
air  furrounding  a  point  is  more  adapted  to  deprive  it  of  eleo 
tricity  than  to  communicate  it.     Another  elcdrometer  which 
was  raifed  from  the  earth  at  the  fame  time  produced  a  great 
divergence. 

Mr.  Erman  wiQied  (o  know  whether  two  bodies  in  the  fame  Two  dedronie- 
atmofpheric  ftratSra  reciprocally  modify  their  eledric  ^ate,  ^^^"8|^'««» 
when  their  diftance  is  altered  in  either  dire6lion.     Two  gold  then  boriiooti!l| 
leaf  eledrometers  equally  fenGble,  and  armed  with  rods  three  ^Pf"^  *^^ 
feet  long,  one  of  which  was  bended,  fo  that  its  point  could  cording  to  the 
be  placed  near  that  of  the  other  eledrometer,  on  the  fame  *««^  of  ^«^ 
horizontal  line  were  held  at  arms  length  froni  each  other,  and  ^n^g^ 
touched  with  the  finger  lo  dilcharge,  and  put  them  in  equili- 
brium  with  the  furrounding  air.  They  were  afterwards  brought 
towards  each  other  horizontally,  and   when  they  were  fuf- 
ficiently  near  to  permit  their  atmofpheres  to  a6t  on  each  other, 
there  was  a   divergence  of  nunus  eie^ricity  on  both  fides, 
which  came  to  its  maximum  when  the  eledtrometers  were  in 
contadl.      They  were  again   feparated,    and  the  divergence 
difappcared,  both  being  at  the  iUte  of  Zero.     One  of  the 
wires  of  thefe  ele^rometers  was  put  in  contad  with    Ihe 
earth,  when  the  divergence  of  the  other  infulated  dedrometer 
'(uddeiily  dimini(hed  to  half  its  former  quantity  ;  a  (aGt  that 
alfo  proves  that  the  whole  depends  upon  Ihe  eledricity  in* 
herent  in  bodies,  and  not  at  all  upon  that  of  the  atmofphere. 

When  the  eledrometers  were  removed  from  each  other,  Contifiaatioii  of 
that  which  was  touched  with  the  finger  indicated  plus  in  a  tl^  ^P^naaMtii 
4legre^  equal  to  the  minus  it  had  before  (hewn.     If  the  two 
ele£trometera  be  touched   with   the  finger,    no  furtlier  ap- 
pearance of  the  aitati^  divergence  i^  (een  in  either  of  theins 
but  if  they  be  then  feparated  both  will  exhibit  pliu.     Caa     « 
thefe  piienomena  be  attributed  to  the  air?  or  is  it  poffible  to 
avoid  admitting  in  thefe  experiments  the  influence  of  eledric 
atmofpheres^  and  the  law  of  the  coadenfer  ?— It  is,  therefore, 

well 
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ta'cll  prored,  lliat  all  bodies,  even  which  are  in  e<)uilib(i(un 
Willi  the  eatih.  have  eltrdiiv  almolpheTC^  in  ihe  uptrn  sit| 
fruQi  wlticli  relult).  a  initdTfltalion  in  Ibeir  rloflric  Dale. 

Mr.  Erman  t-onjeflurtU,  ihai  m  body  ol  a  greater  vnlume 
minht  bavc  fiill  mure  inftuence.  He  oblerved  a  iri^e  whkli 
floud  alone  in  an  open  fptiM.  He  rciired  lo  ilie  ililiaiice  iiT 
twenty  paces  frnni  il,  and  <li('.  Iiarg«d  Ihe  «lc<iricil^  uf  lii* 
eleClromeier  by  loiicbini;  il  »iib  ihe  linger.  He  then  a|>> 
pruacbed  ilie  tree,  keeping  bis  (.-le^romeier  at  Ihe  l»mi:  beigJit 
abovr  ibe  catib.  The  eleSromeler  ri>ver);ed  negalively,  and 
the  divergence  conlinually  augmenied  a»  be  came  near«ri  fo 
that  Ihe  leaves  ol*  gold  londicd  ihe  lides  ot  (he  ghh  at  itie 
■nomrnt  when  he  was  under  (be  tree.  This  negative  fuie 
laDed  as  long  at  he  remained  there,  but  when  he  retired 
■Rain  il  gradually  dirappeared,  fo  a<i  lo  have  become  infeiilJble 
when  he  arrived  at  the  original  diOance  of  twenty  Teel. 

When  the  loniiniinicalion  between  the  point  ol  (he  clee- 
Iromelcr  and  the  eatlh  was  completed  under  Ihe  Iree,  ihe 
divetKence  ceafcd;  but  the  elcdricily  was  onl^  apparently 
deflroyed,  and  manircAed  itfelf  again  when  be  telired  from 
the  tree. 

Two  elefiromelers  being  broughl  near  each  other  at  the 
diflance  of  bait  a  loot  from  Ihe  earth,  did  not  produce  thit 
elleft,  becauCe  Ihe  m[ils  of  ihe  earth  loo  greatly  influenced 
that  proximity.  In  order  In  have  very  fimple  refults,  it  would 
be  re(|iiifite  to  difi:oier  fome  meant  of  rapidly  elcvaiing  an 
infulaled  body  lu  fome  lboufand«  of  feet  above  Ihe  ground; 
srxl  if  thit  experiment  weie  iiiiderlaken  in  the  boat  ol  a  baU 
lovn,  !l  would  probably  be  feen,  that  the  pofilive  charge 
would  conflanily  increale  during  ihe  sfceni,  and  would  be- 
come iKgative  as  it  approached  the  earth:  but  if  mearu 
could  be  had  uf  changing  the  lyllcm  of  ihe  balloon  in  the  ■!• 
mulphere,  by  the  intervention  of  another  body,  which  would 
be  diBkult,  the  contrary  etfccls  night  be  expecled.  Thit 
change  of  fyflem  is  however  feen  when  a  cloud  defcendt, 
and  dili:hargc«  itfelf  uilh  expiation  into  Ihe  earth.  But  an 
eledroneler  of  the  ufuul  cnnAiuflion  in  ihe  boat  of  a  balloon 
would  indicate  nothing,  bccaufe  Ihe  upper  part  always  bss  ■ 
charge  of  elcflriciiy  of  ihe  fume  kind  at  tbal  of  the  gold- 
leaves,  and  of  equal  inlenCly. 
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If  the  tnflaence  of  the  elearicity  of  the  ground  be  fuf-  TMt  efTefts 
ddeni  to  prevent  the  divergence,  the  fame  eifedl  ought  to  j^^"a"chMnbcr,*" 
take  place  in  every  clofe  chamber,  becaufe  a  roof  or  ceiling  &c. 
may  be  confidered  as  a  prolongation  of  the  ground.     Hence 
it  is  that  this  polarity  doeii  not  manifeft  itfelf  in  a  chamber; 
it  in  al(b  erroneous  to  pretend  that  the  atmofphere  produces 
ele^rictty ;  and  it  i^i  equally  erroneous  to  aOert,  that  ele^ric 
repulfion  does  not  take  place  in  a  vacoum;  Mr.  Erman  pro- 
pofes  to  edablith  in  an  inconteflible  manner  in  another  me« 
moir,  that  the  repuliive  force  of  etedtricity/  as  well  as  of 
nagnetifm,  are  alfo  roanifefled  in  a  vacaom. 

If  the  electricity  of  the  rod  of  the  eledrometer  could  be  The  eleark 
afcribed  to  lliat  of  the  atmofphere,  it  would  follow »  that  it  e^fti^die 
(hould  be  equally  electric  through  its  whole  length ;  but  if  it  air ;  for  die  red 
depend  on  the  earth,  the  rod  will  not  be  equally  clearified,  ['jj^'j^^* 
and  its  different  parts  will  be  varioufly  modified  accordingly  as  ouu 
they  may  be  more  or  lefs  remote  from  (he  earth ;  and  this  in 
h£t  is  the  cafe.    Two  eledrometers»  each  having  a  pointed 
.rod  of  three  feet,  one  of  which  was  twice  bended  in  a  right 
angle,  fo  as  to  have  an  horizontal  portion  of  three  or  four 
inches  before  it  proceeded  upwards,    were  held  in  fuch  a 
manner,  that  the  point  of  the  firaight  rod  of  the  one  touched 
the  horizontal  part  or  elbow  of  the  other,  which  was  lower. 
When  they  were  touched,  to  difcharge  them,  no  divergence 
was  feen,  but  when  they  were  afterwards  feparated  horizon- 
tally* the  leaves  of  the  lower  eleArometer  diverged,  while 
thofe  of  the  upper  were  not  at  all  moved. 

It  is  very  remarkable  that  the  nearer  the  contad^  is  made  to  lu  fttte  iHftn 
the  upper  point  of  the  compound  condudor  to  take  its  elec*  *'^t5?^^ 
tricityfrom  it,  the  greater  is  the  pofitive  divergence  of  the  paru  of  its 
lower  eledlrometer;  and  if  the  difcharge  be  made  very  near'^"5tf>* 
the  upper  point,  the  eledrometer  will  indicate  plus  but  very 
feebly  in  comparifon  with  that  below. 

If  thefe  two  eledrometers,  the  condu6^ing  parts  of  which  Eleadc polarity, 
form  together  a  length  of  fix  feet,  be  raifed  perpendicularly 
fume  feet  above  the  earth,  the  plui  eledricity  will  be  obferved 
in  both ;  but  if  they  be  feparated  horizontally,  the  upper  one 
will  retain  its  divergence,  and  the  lower  will  augment  it  fad- 
denly,  even  to  double.  From  this  it  is  evident  that  the  con- 
du6tor  has  not  the  fame  charge  of  eledlricity  through  all  its 
length,  and  this  is  precifely  what  is  called  polarity ;  and  as  the 

prefence 
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prefence  of  the  cledrometer  is  not  eflential  in  this  experimenty 
we  may  conclude  from  it  that  each  condoftor  placed  perpendi- 
cularly on  the  earth,  has  its  polarity  in  the  diredioQ  in  which 
we  have  juft  explained  it. 
One  extremity    '    This  (hows  why  an  eledrometer  indicates  a  divergence  pb^ 

xL  iwJIalS^du'  ^^^"  ^^®  P*^*"*  "  touched  with  the  hand  in  the  open  air,  and  b 
vergence;  the  foon  withdrawn,  while  there  is  no  divergence  when  the  lower 
other  doei  not,    ^^  ^f  ^^  ^jre  i,  touched.     This  phenomenon  is  feen  in 

Weifs's  ele^rometer,  even  when  the  wire  is  not  more  than 
three  quarters  of  a  foot  long. 
Xiperimfntton       From  all  this  it  will  be  feen  how  deceitful  the  experiments 

the  cleanci ty  of  ^^  the  elearicity  of  the  almofpherc  may  be;  for  in  the  com- 
the  atmolpherc  •     •  »  '  •  r  i    i 

no(certaia»  mon  method,  the  hand  is  diredled  to  be  moved  from  the  Dottom 

upwards,  towards  the  point  of  the  eledrorocter,  to  deprive  it 

of  its  accidental  cledlricity,  and  it  is  precifely  this  which  com-* 

municates  it  to  it.  ^ 

Thein:crven-         With  refpeft  to  the  exceptions  which  the  fads  annoanced 

l!an,''lc.*'[e-**'  »^^*  ^^y  ^®  ^^^^^  ^^'  '*  ™"^  ^  obfervecj  that  when  a  dorm 
Terfet  the  phe-  drives  a  cloud  over  the  zenith  of  the  obferver,  or  when  rain, 
nomeaa;  j^j^jj  ^^  fnow  falls  at  the  place  of  obfervation,  the  phenomena 

which  occur  are  totally  oppofite ;  the  electrometer  gives  p/as 
when  it  is  brought  towards  the  earth,  and  miniu  when  it  is  re- 
but a  continued   movcd  from  it,  &r.  &c<     But  tliis  anomaly  is  only  a  tranfient 
rain  or  a  fky       ctTi:6i,  and  the  pretended  ne;:alive  (late  of  the  almofphere  does 

wholly  obfcurcd  '  "  .      .  .      ■ 

by  cloudi  docs     not  c\[i\,  either  when  the  rain  is  of  long  duration,  or  when 

^^^'  the  (ky  is  entirely  covered  with  clouds;   for  in  the  latter  cafe 

the  eleclromeler  i>^  ptjfitive  on  being  raifed,  as  when  the  (ky  is 

clear.     The  per(iirb.itions  fpoken  of  are  only  moijientary  and 

Thefc  changes    change  continualiv.     It  Is  evident  lliat  thefe  changes  cannot  be 

occafioned  oy  aUrjijuled  lo  the  charge  of  ele61ricrty  (el  at  liberty  in  the  air: 
the  atmolphcre  ^  -^  •',  , 

of  the  cloud,  it  is  more  probable  that  thefe  mades  of  clouds  modify  the  elec- 
trometer by  their  atmofpheres,  like  the  tree  in  the  preceding 
experiment.  Tlie  perpendicular  condu6lor  may  be  compared 
to  an  iron  bar,  the  polarity  of  which  is  reverfed  accordingly  as 
the  fame  pole  of  a  magnet  is  prefented  to  one  or  other  of  its 
and  may  be  imi-  extremities ;  thefe  effects  of  the  meteoric  mafl'es  may  alfo  be 
^"***  imitated  by  condu61ors  ;  the  folo  motion  of  the  hand  above  the 

point  of  an  ele6lrometer  is  fufficient  to  produce  the  negative 
iiate  in  queftion,  and  infuiaiion  renders  thefe  efTecls  more 
fenfiblc. 

(To  b€  concluded  in  our  next*) 

SCIENTIFIC 
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SCIENTIFIC    N^WS. 

Professor  DANZEL  of  Hamburgh  made,  in  the  be- Mcchanifm  for 
ginning  of  lafl  year,  a  fecond  experiment  of  the  mecbanifm  ^^  nu^june*. 
he  has  invented  \ot  the  dircdtion  of  aerodatic  machines.  He 
is  faid  to  have  obtained  a  progrefs,  in  a  right  line,  of  twelve 
feet  in  a  fecond,  which  is  nearly  equal  to  three  leagues  in  an 
hour,  although  he  did  not  bring  more  than  half  his  means  into 
adlion.  On  the  fame  day  he  made  an  eOay  with  another 
machine  fur  the  fame  ufe,  the  refult  of  which  was  not  lefs 
fuccefsful.  He  ha^  fince  publiQied  the  principles  of  hit 
difcovery  in  a  pamphlet,  entitled,  "  Bads  of  the  Mechanifm 
for  the-  Direction  of  Aerofla.tic  Globes,  by  ProfelTor  Danzel, 
of  the  Society  of  Emulation  of  Abbeville,  at  Hamburgh.'* 

The  clafs  of  pli)  fical   and  mathematical  fciences  of  the  Correfpoiideott 
National  Inftitute  of  France,  in  its  fitting  of  2d  Pluviofe,  in  ^j^^f  **J*^ 
the  year  XII.  eleded  the  following  correfponding  members,  and  tnathematid 
MefTrs.  Leblond,  engineer,  returned  from  Cayenne;  Bernard,  fcicnceiof  the 
engineer  and  adronomer,  at  Bagnolt }  Simons^  phyfician  at  inHJtute. 
London ;  Crell,  German  chemiil ;  Thunbcrg,  the  fucceffor  of 
Linnaeus  in  Sweden,  who  made  the  voyage  to  Japan ;  Bugge, 
afironomer  to   the   king  of    Denmarlc ;    Golfe,    chemift    at 
Geneva;    Proofl,  chemid  at  Madrid;    Cugnoli,  aOronomer 
at  Modena ;  Reboul,  to  whom  we  are  indebted  for  themeafures 
made  in   the  Pyrenees;    Mendoza,    a  Spaniard,    fettled  at 
London^    known  by    his    important  wo.rk<)    on    navigation. 
They  were  all  correfpondents  of  the  Academy  of  Sciences 
in  1793. 

The  fame  clafs  has  prolonged  the  time  for  receiving  tnfwers  Prise  queftioas 
to  the  following  prize  quellions,  until  the  lit  Germinal,  in 
the  year  XIII.  **  To  determine  by  experiment  the  difierent 
rources  of  carbon  in  vegetables."  And,  **  To  determine 
by  anatomical  and  chemical  obfervations  and  experiments, 
what  are  the  phenomena  of  the  torpidity  whicli  certain 
animals,  fuch  as  marmots,  dormice,  &:c.  experience  during 
the  winter,  with  refpefl  to  the  circulation  of  the  blood, 
refpiration  and  irritability ;  to  enquire  what  are  the  caufes 
of  this  flecp,  and  why  it  is  peculiar  to  thefe  animals/' 

The  value  of  the  prizes  is  doubled,  and  confifts  of  two 
kilogrammes  of  gold,  about  233/.  fterling  each. 

The  agronomical  prize,  inftituted  by  M.  de  Lalande,  to  be 
given  to  the  perfon,  in  France  or  elfe where,  the  members  of 

the 
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fervalion  mod   Iniereiling,    or    publilhed   the   memoir   moft 
.    .-,  nfeful  lo  ihe  ptognd  of  aficDnomy,  wao  in  the  public  lining 
,     ■>  ■,. .  '  "  of  the  6th  Meffidor,"  decreed  to  M.  Jofeph  Piazzi,  Profeflbr 
.iju''  i.-.i.;  Koyg]   q(    AHiunumy  and  Difeclor   of  the  Obfervalory  of 
Talttiaa,  for  lh«  work  »hich  he  has  blely  publiHied  under  llie 
lide :    Pranpuarum  ficUaratn    inerraiUium    pofil'onei    mtdix 
ineuHlf  J'aculo  XIX.  ti  olijercatiouibas  }mbUU  in  fpeeula  Par 
'•    normitana.  Panomii,  IS03,  one  volume  m  folio. 
'  The  fubjecl  of  the  malliemulcal  prize  propofed  by  the  dafi, 

in  this  lining,  t>  the  fbllovcriig:  To  give  llie  Iheory  of  the 
'  peril! (bali on !i  of  the  planet  Pallas,  difcovercd  by  M.  Olbei(." 

The  works  arc  to  be  wriltei)  in  French  or  in  Latin;  and  are 
tu  be  received  to  ihc-  1  fi  Germinal  in  the  year  XIV.     The 
prize  i)  a  gold  medal  weighing  a  kilogramtne. 
"   ■  J   1  ^i«       "^^^  academy  of  fcience?,  Iiieralure,  and   the  fine  arU  of 
^■j^i(',>    v.;    Turin  has  projiofed  the  Ibllowing  new  prizes. 
*  »■'  r';'"-, ,"  Chft  qf  Pliyfical and  Mtilhrmaiical  Sacncei. 

,'  '  ,.^j  .  ■  Firft  I'riicf.  The  elefltic  and  galvanic  fluids  offer  fo  manj> 
poinli  of  analogy,  and  fo  great  a  number  »r  dilTerenl  efieSt, 
liwl  many  philofophers  believe  tht^m  to  be  identical,  and  many 
oihcfi  mnke  ihem  two  dlftinfl  fluids  ; 

New  experimenU  art  r€qiurtdwki)^JhaU  decide,  inmde/autht 
manner,  on  iteir  identity  or  dioerfity. 

Second  Prize.  It  will  be  feea  io  tbe  Connoiffiiate  dei  Itwa, 
ibf  tbe  year  Xlf.  page  217,  that  the  refra&iwu  whicb  are 
adopted  do  not  ffaow  an  agreement  in  the  cdifervstioQi  of  tbe 
fummer  and  winter  folllices  of  the  years  T,  8,  and  9,  to  give 
ibt  fame  obliquity  of  the  ecliptic,  ai  tbey  fhould  do  ;  and  Jt 
it  clear  that  a  difference,  fuch  as  ii  found,  of  eight  (ccondi 
in  tbe  refult  of  the  calculation^  not  of  one  oUervation,  ot 
«( two,  but  in  the  total  of  feveral,  made  on  diffiereot  day! 
of  different  yeart,  mull  have  Tome  caufe: 
A  Jiitiifa&ory  eiplatuition  ii  demanded, 

Clafi  n/  Littralure  md  the  Fine  Art$. 
Queflion  propofcd.     To  deininifirate  whether  the  eeonomie^ 
Jiiencv  known  by  the  name  ^  Sialifticn,  u  a  new  Jaemx,  mad 
ukiU  are  tk^  advanlagei  Jlalet  may  dtrivejrotn  it. 

The  prize  for  eacb  queftion  it  600  franca ;  and  memoirian 
lo  be  received  ontil  ibe  30(h  Frimsire  of  the  year  XUI« 
Tbey  are  to  be  written  io  Latin,  Fren^  or  luliao*   aad 

5  ftat 
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fent,  free  of  pofiage,  to  the  academy.    Ttie  |>ri2es  will  be  Prltc  quetioas. 

declared  in   the  lali  public  fiiling  (Mefiidorj  of  the  Cuira 

year. 

The  fociety  of  emulation  of  Colmar  in  its  fitting  of  the 
17lh  Thermidor^  propoi'ed  (he  following  i'ubj eel  for  a  priaM 
of  300  francs*  to  be  decreed  in  the  public  fitting  of  Me(fidor» 
in  the  year  XIII. 

*'  1 .  What  are  the  readied  and  lead  expenfive  means  of 
converting  into  animal  oil»  fuch  remains  of  animals  as  have 
been  hitherto  loft  to  the  arts  and  to  confumption  ? 

**  2.  To  what  arts,  and  to  what  kinds  of  fabrication  can 
this  produd  be  applied;  and  what  preparations  (hoald  this 
fubdance  undergo  before  it  is  brought  into  commerce  ? 

''  3.  Finally^  in  an  extenfive  undertaking,  the  objed  of 
which  would  be  to  convert  the  remains  of  animals  into  animal 
oil,  what  precautions  would  be  neceffary  in  the  adminidrative 
police,  to  prevent  the  public  health  from  being  injured?" 

The  memoirs  are  to  be  written  in  French,  German,  at 
Latin,  and  fent  before  the  13lh  Medidor,  free  of  poftage*  to 
the  Prefect  of  the  Depaxtmenli  or  to  the  Secretary  of  tbc 
Society. 

Extras  of  a  Letter  from  Mr,  J.  Dalton,  LeBurer  mi  the 
Royal  ItiJHiuiion.     Dated,  Manchejter,  March  12,  IM5. 

A  VERY  remarkable  and  dngular  appearance  of  the  Remarlnblt 
emrora  boreaUt  was  obferved  at  Mancheder  from  10  to  11  in**"*'*  "^ 
the  evening  of  Saturday  the  23rd  of  February.  The  Iky 
was  almod  completely  obfcured  with  dark  clouds,  efpecially  to 
the  fouth^  with  fome  rain;  about  60^  above  the  horizon,  on 
Che  fouth  meridian,  there  was  a  fpace  in  which  the  cloud  was 
lefs  denfe,  where  a  very  driking  vacillating  flame  arreded 
the  attention  of  mod  people  who  happened  to  be  out.  It . 
fometimes  dione  with  fuch  vividnefs  as  to  exhibit  a  dream  of 
light  ngbt  down  to  the  horizon  through  the  tliicked  part  of 
the  cloud;  and  at  other  times,  the  whole  fouthem  region 
was  illuminated  as  witli  a  fladi  of  lightning.  The  light 
feemed  fcarcely  to  reach  the  zenith,  and  at  breaks  in  the 
clouds  to  the  north,  no  light  appeared.  Should  this  phenome- 
non have  been  obferved  in  the  fouth  of  England  or  in  France, 
a  comparifon  of  the  obfervations  may  lead  us  to  form  fome 
idea  of  the  height  of  this  and  other  appearances  of  this  meteor* 
which  occur  much  more  rarely  of  late  years  thaji  formerly. 

To 


50*  to  CORRESPONDENTS. 

THE  in^eniom  infirummt  cf  \,  S.  F.  far  trp!o(ums  has  not 
appeared  to  the  Editor  t  *  be  zuinfed.  Ckemired  le8urert  in  thit 
metropolis  w/2r  a  f mull  particle  af  phnftihoru.^^  of  the  Jize  of  ^ 
pin's  'letid,  *tnd  fprinklc  upon  it  a  pinch  of  the  oi^mitriate  of  pot* 
qfh,  in  a  IVt'lveu'nod^i  mnrtar.  Ihiit fmnil  {/Utiiuity,  hein^  firuck 
hy  a  ftidden  ruh  of  the  pefile,  gives  a  loud  exphjion  with  the  viiible 
Jlamc,  but  the  burning  matter  is  too  little  to  endanger  the  JpeBa* 
tors. 

The  excellent pcrjpedtive  inftrwnent  drfcrihed  and dratcn  hy  the' 
Rev.  Wm.  Ok  I. cor,  hits  no  donht  t lit  priority  in  aciual  date  to 
ihat'f  R.  L.   Edgwortk,  Efy.  dt^fcrihcdin  'mr firft  roL  pa^e 
231.     Bui  he  xuill  fee,  by  turning  t*  that  aiticle,  that  the  inftrw 
mtnts  are  too  neurli/  alike  to  admit  of  a  fcond publication, 

1  amtuuch  obliged  to  Mr,  Gu mbculand  for  his  favour  of 
the  nth  Feb.  The  vft^ul  nhjecl<  mentioned  in  his  prjijbripi  q)- 
pcar  to  me  to  befucha^  ufO'ild  be  vtry  ucccmabU  to  the  public.  / 
am  afraid  that  the  circumHance  nf  the  invention  of  Mr.  J.  Aai-m; 
been  publijhed  htforc  would  make  it  lejs  pn/per  to  be  reprinted  in 
a  Journal  v;hiih  is  honoured  xvith  p)  much  original  matter,  that 
prejfeijor  infertion.  But  I  ihad  be  luivpyt'^  give  it  a  more  deli' 
berate  confideratinn  if  his  friend  nf II  favour  me  with  the  loan  of 
the  plates,  and  fuc^  additional  ohjtrcaiions  or  notes  tu  he  skay 
think  ft  to  make. 

The  c'lfe  of  daifn'fs,  communi-otrd  by  Mr.  Hill  of  UVlu 
^,'orfolk,  in  xihich  Jo  much  bcwift  :i:i<  derived  fnnfi  elti^ririt/,  is 
ttry  intcrejlin-^.  Snmf  medical  r-v/t  s  ha  e  appeared  in  the  f/.;  ■. 
7\utnhcrs  of  the  firft  /tries  of  this  /nuinal ;  and  others  pre feti^d 
thnnfilvci  for  my  dtrifion  a^'  Editor  vstth  rtfiard  to  their  zut^t 
and  ,mpoitanre.  I^ut  in  the  uttcmpt  to  pnfofm  tin >  part  ofv.y 
d  tj/,  I  found  di'Jlniiiic^  lb  great,  and  a  fuhjti'  fo  extcnfive,  tud 
2t  ai)pe;iytd  nroptv  to  confine  the  papers,  to  be  a'hnitted,  to  jhck 
us  are  direcili/  and  inunediattly  'onneciui  nith  rhrniical  uni  w;f- 
chanical  fcience,  J  fhali  be  happy  to  en:  ty  f 'is  letter  to  a  re- 
fpcduble  Medical  Journal,  if  heJhou!d  think  fit. 

J  am  very  for  ry  that  tJie  letter  from  a  Couresponde  nt,  nh? 
requtfi'd  jbme  empuncs  to  be  made,  Conctrning  the  fundanunt'Ai 
expenmenta  on  hat,  tf  the  late  Dk.  Ik  vim,,  has  bctn  ib  Icnz 
Without  iti  (fed.  J  h>pe  to  be  enabled  to  give  the  narjuuie  W 
reqnifis  in  the  next  number. 
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304  To  CORRESPONDENTS. 

THE  inj^eniouH  inftmntent  of  I.  S.  F .  for  erpJolums  hasnnt 
nppeared  to  the  Editor  ti  be  zianitd,  Chciniral  Usurers  in  this 
metrnpolis  nfe  a  nnnll  pwiiclc  of  phn/'hhoru^t  of  the  fizc  of  a 
pin* 8  'er.rf.  und  ipr inkle  upon  it  a  pinch  if  the  oj ^muriate  qf  pot' 
qfk,  in  a  ff^'tdvcu^ood^^  mnrtar,  Ihi^fmnll  tputiuity,  htin^  firuck 
by  a  ftidden  ruh  of  the  pefile,  giveg  a  hud  exphfion  with  the  viiible 
fianui,  but  the  burning  matter  is  too  little  to  endanger  the  Jpe^a^ 
tors. 

The  excrlli-nt  per/peciive  inftnnnent  drfcrihed  and  dravcn  hy  tlie ' 
Rev.  Wm.  Oki-.gor,  has  no  donht  tht  prion y  in  actual  date  to 
that  of  R.  L.    Edgwortk,  Efq.  dr-fcribrdin  'mrfirft  rol.  pa^e 
281.     But  he  zallfie,  by  turmng  /'  that  at  tide,  that  the  injiru' 
mtnts  are  too  neurly  alike  to  admit  of  a  fcond  publication^ 

I  am  much  obliged  to  Mr.  G  u  M  b  c  k  l  a  n  d  for  his  favour  of 
the  \7th  Feb,  The  vf^ul  nbjeci<  mentioned  in  his  pnfijbript  ap^ 
pear  to  me  to  befuc'i  fl^  wo'dd  be  vfry  acccmabU  to  the  public,  I 
am  afraid  that  the  circumHanre  nf  the  invention  tf  Mr,  J.  having 
been  publijhed  btforc  would  make  it  lefs  prtjper  to  be  repritUed  in 
afournai  which  is  honoured  with  fo  much  original  matter,  that 
preffesjor  infer! ion.  But  I  /hall  be  luiDpy  to  gi^se  it  a  more  deli- 
berate confidt'vatinn  if  his  frU'hd  u  HI  favour  mc  with  the  loan  of 
the  jflatcs,  and  fuclf.  additiuiial  u'),Lr\:atvm$  or  notes  as  he  May 
think  fit  to  make. 

Tkv  C'lfi  of  dtafnrfi,  comnmnvatnl  by  Mr,  Hill  of  WcHf^ 
Norfolk,  in  nhich  Jo  much  binrflt  jj!j<  (krived  from  elcdririt/,  is 
ttry  inttrcfiins^.  Somr  jnedical  Ciiii<ha-e  apiicared  in  the  ettr['/ 
nnni'.pers  of  the  fvft  firics  of  this  Joumal ;  and  others  p  reft  fit  ed 
tht.'w/llwi  for  my  dtcifion  as  Editor  vjith  refiard  to  the:r  value 
and  itn'i^oitunrc.  Hut  in  the  attempt  to  pei form  this  part  of  my 
d'ity,  I  found  difimliit'ifo  great,  and  a  fu'tji-'  fo  extcnjive,  ti.at 
It  oDpentd  vroptr  to  ronntic  the  papers,  to  be  a-imitted^  to  Jhch 
as  are  dirccllii  and  immediately  onnecicd  iiith  chemical  and  me- 
chanical  fcience,  I  /hull  be  happy  to  C'm.cif  his  letter  to  a  re' 
fpctlMc  Medical  Journal,  if  hejhou-d  think  ft. 

J  am  very  for  ry  that  th<'.  letter  from  a  Co  k  R  F.s  ton  D  e  NT,  who 
requrflrd  fome  en-pinits  tu  be  made,  Conctmin-^  the  funJa mental 
cvpcnmc'tts  on  huit,  (f  the  late  Du.  Ik  vim.,  has  betn  fb  long 
without  iti  efecl,  J  htpc  to  be  ctuiblcd  to  give  tl^e  nuri  atize  he 
reijnejis  in  the  next  number. 
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1  N.DEX. 


AcCUM,  Mr.  Ictnr  From  him  rtfjiea- 
Itig  ■  fuppaCed  omiffion  In  h!i  PraQictl 

Acid,  bcTiiulc,  diDcrcnC  nnbodi  of  oh- 
uinltig,  87^Hropfrt:«  of,  IS 

UeHc,  a  mtmoif  nn  i!ic,  141— IJ7. 

nitiaa  of,  iGl 

■indinpell,  It} 

he  diicQ  praduQIoa  of, 


Clmnlcdci 


105— 114 

mflatic  vjyagr,  accnai  uf  an,  to  rta- 

minetht  mignellfin  af  the  ilr,  ice.  vjt 


AEcic 


.  "J 


Air  iikcn  at  gnti  clentioni,  analylii  of, 

-^  pnmp,  Jercrjption  of  in  Improved,  101 
Alca,i(S,  iQina  Of,  on  rFfini,  145 
Alcohol,  laioa  of,  on  bndaiich,  146.— 

On  nudich,  147 
Alerck  on  the  ftflefiim  of  cold,  inil  Li- 

lenlioD  of  thr  it^kfcni^'',  51 — 14^ 
Anlnul  bodiei,  convetjlaii  of,  ioto  loffiti, 

ill 
J  oil,  qUFKloni  rtfpFfiinj  (ht  con* 

■rGon  of  anloul  rctntioi  into,  'joj 

ufeof  jmt-ilhaand 


AnA. 


^u^H 


'*J 


itoa  of  Woulle'i,  tto 
AOin  of  ^M,  en  their  oli:  >i  nunnn, 

308— >Prsbablir  occiAontbe  fponlaatou^ 

jro»ih  of  elovc,  i  ] 
»"  of  pt-coal)  a  |ood  ounait  for  gnfi, 

— ~ofwood,coni]inipccDli-rc]nli,340 

AlttonpDiy,    ancient    Egyptian    binofly- 
phlct  (u^Icd  to  rtliR  to,  4 

Atmofpberc,  id  compoGtion  (vn-jr  when 
(he  fame,  xtj 
Vol.  X.  ilo;. 


Auraii  hoiMtli,  a 
Aiimiith-compiri   far  aeraftMic  c 


Bacon,  Lord,  the  firft  who  proved  4* 
hicoRiptcBibilil^  of  water,  % — ^145 

Binki,  Sir  Jof.  14 — A  itawluUe  kiut- 
tus  found  in  Iceland  by,  1S4.— Od  the 
cjufe  of  the  blight  in  cam,  *ij 

Barbctrici,  comm<}nl]'  Kpoted  to  oceifiw 
the  blight  in  wheat,  ijo 

fianineteti,  for  aecoAatic  nperunoitit 
»79 

Barton,  Piof.  oo  the  effea  of  metallic 


B^ryle^,  niX':yi  catboaire  of,  5 

£afilt,  ctpeHnicntt  on  the  trajnil  tcM- 

geijtionof,        J— Ifij 
Bauer,  Mr.  ai6 
Biami,  141 
Bcddoct,  Dr.   16 
Beech,  ahlbrbCDC  towtn  of  At  ehacgd 

of,  1; 
Bcanei'i  ekfitortcttr,  i;{ 
£rDiain,  inal}ik-Dl  eiperiSMIti  uA  Am 

Xerv-tiiotii  on,  ti 
Btiyeliai,  J    B.  on  cCfiun,  10 
Bersnunij.  41— (SS 

Bmhollel,  187 

Biddle,  Mr.  J,  on  the  deafitr  «f  atfRWf 

in  it*  fnlid  Hate,  ij] 
Bioc,  17S 
Binimen,   cinierfi'ia  of   the   frrTiinTt 

piineiplei  of  vegetjhlei  inte>  itl 
Blaife  <Ie  Vlgnerc,  tS 
B'eacbing,  m:!hocI  of,  pn&ted  MSalc 

Blight  in  corn,  on  the  canft  dF,  315 


INDEX. 


BoerbfiYCi  14x^-245 

Bonvoifiny  Dr.  13 

Borelliy  247 

Bofc-d*Antic>  60 

Boftocki  Dr.  99 

Bofwellt  J.  W.  ZCq.  on  the  depces  of 

facility  with  which  bodies  change  their 

tempenturey  70.<*Oa  die  converfion 

of  round  meafure  into  fquarei  I53*— 

Obfenrationt  on  his  geomerrical  propo- 

fitionsy  355 
Botej-coaly  hiftory  md  chemical  eiami- 

nacion  of|  189 
Beollay,  his  report  on  the  artifidal  pro* 

duftion  of  camphor*  131 
Rourardi  ftSo 
B0X9  abforbent  powers  of  the  charcoal  of| 

16 
Brande,  Mr.  W.    his  analytical  experi- 

menta  and  obfcrvations  on  benioinj  Si 
Breiflacy  170 
Bri/Tony  83 
Brochantf  265 
Bochols  on  pruflic  add  a^d  its  combina* 

tioniy  31 
Buggc,  30X 

C. 

Cadety  memoir  on  the  fuming  liquor  of,  6 

Camphor,  report  on  the  artificial  produc- 
tion of,  131. — Its  a^ioa  on  vegetables, 
242 

Canton,  Mr«   *i 

Caoutchouf,  fubftjnce  rcfembling  it  ob- 
tained from  maiVicli,  247 

Carbon,  queftlon  r.fpe^t.ng  the  fources  of 
it  in  vegetables,   301 

Cnrbonate  of  barytcs,  native,  5 

Cafcouk  matter,  nature  of,  144 

CavdUo,  43 

Cavrndi/h,  Mr.   5C— 287 

Cerium,  a  new  mota',  account  ot,   re 

C,  H.  on  the  nppar:nt  cnlargf^went  of  the     J 
moon  near  th(f  horizon,   756 

Chapta!,  48.— His  method  of  obtaining 
btnzoic  acid,  %j 

■i. 


Charcoal,  on  its  property  of  abforblof  tic 

gafeS|  II.— On  the  differences  of,  fMm 

different  woods,  15. — EzperimcDia  ea 

the  faturationof,  by  different  fubftaocety 

18 
Chencvix,  Mr.  40— 2M 
Chomet,  131 
Cinis,  a  peculiar  earth  cont^ned  in  wood* 

aflies,  240 
Circle,  to  find  the  fide  of  a  fi|uarf  c^oaf 

to  a,  1 52 
C,  L.  on  tocal  ima§es,  205 
Clocks,  applicatioo  of  (ome  properties  of 

heat  in  the  con.lrudion  of,  71 
Clover,   obieivations  on   ita  fpontaaeeia 

growth  on  fume  lands,  213 
Ciuscl,  131 
Cold,  refludion  of,  by  whom  difcoveied, 

1^-92 
Coik,  properties  of  the  charcoal  of,  16 
Corn,  on  the  cauics  of  the  blight  in^  227 
Coirea  de  Serra,  Dr.  183 
Cotman,  Mr.  222 
Cotton,  method  of  bleaching,  iz6.-^Per* 

mancnt  red  d)e  for,  129 
Couk)mb,  279 
Crcll,  301 

Crofthwaite's  pendulum,  7a 
Cugnoli,  301 
Cuthbcztfon,  Mr.  201 

D. 

D-Iron,  Mfe  20.— On  thegreateft  deniity 

ot  water,  93. — On  a  remarkable  aurora 

bwrcaiis,  303 
Daniel,  Mr.  222 
Danzel,  Pi  of.  his  mechan'.lm  for  direft- 

ing  aeroil&tic  machines,  301 
D.irtigucs  on  the  devitrification  of  glaf^ 

an-l  the  phenomena  which  happen  during 

its  cryflaliiaation,   58 — S9 
Davy,  Mr.  2C — 287 
Dc  Buch,   170 
DclamcUicrie,  58 
Dei  Cimento,    excellency  of  the  workt 

publi filed  by  the  Academy,  2 

De 


■••.'.. 


iKDtX. 


De  LWf  79 

Ddund»  14 1 

Deni^lleri  O.  Efq.  1x5 

Defcotil>»  24 

Defcartet,  %yy 

Detitrification  of  g1afs>  5S—- S9 

Deyeux,  141 

D*H<fiagcr,  W.  on  oeriaiti,  10 

Dipping-ueedle  for  aeroftatic  ezperi«ieilti| 

278 
DifcoTeries,  on  the  original  inventors  of 

certain  philofophicaty  i 
Dolomieu,  itS— 166 
Dryandery  Mr.  82 
Pu  Hamel,  290 
Dutensy  Z49 
Dye,  a  pegmanent  red,  129 

E. 

larthy  a  peculiar  one  in  %vood-aihefl9  140 

Ecliptic,  quefVioA  refpeding  an  apparent 
error  in  calcutacing  the  obliquity  of  the» 
302 

Xledricityf  method  of  exhibiting  that  of 

•  metals  without  a  condcnfer>  42.«— Ob- 
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